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LIPOOLIGOSACCHARIDE-BASED VACCINE FOR PREVENTION OF MORAXELLA (BRANHAMELLA) CATARRHAUS 
INFECTIONS IN MAMMALS 

Field ofthg Invention 

5 The presOTt inv^ition relates to conjugate vaccines for prevention of bacterial 

infections. More specifically, the invention relates to a conjugate vaccine for Moraxella 
(Branhamella) catarrhalis infections in humans, comprising hpooligosaccharide derived 
fiom the bacteria, fix)m vMch esterified &tty acids or lipid A has been removed, \^iiich is 
linked to an immimogenic carrier. 

10 Background of the Invention 

Moraxella (Branhamella) catarrhalis is a pathogenic bacterium, recognized as 
the third most common causative agent of otitis media and sinusitis in children, after 
Streptococcus pneumoniae and Haemophilus influenzae (Bluestone, CJ)., 1986, Drugs 
31(Suppl 3):132-41; Catlin, B.W„ 1990, Clin. NGcrobiol. Rev. 3:293-320; Doem, G.V., 

15 1986, Diagn. Microbiol. Infect Dis. 4:191-201; Enright, M.C. & H. McKenzie, 1997, J. 
Med. Microbiol. 46:360-71; Faden, H., et al„ 1994, J, Infect Dis. 169:1312-1317). This 
Gram-negative diplococcus also causes respiratory tract infections in adults (Boyle, 
FJ^., et al., 1991, Med. J. Aust 154:592-596; Sarubbi, FJL, et aL, 1990, Am. J, Med. 
88:9S-14S), especially those mAio are immunocompromised or have chronic obstructive 

20 pulmonary diseases (Enright, M.C. & H. McKerme, 1997, J. Med. Microbiol. 46:360- 
371). The incidence of disease caused by M, catarrhalis spears to be increasing 
(McLeod, D.T., et al., 1986, Br. Med. J, 292:1103-1105; Fung, CP., et al., 1992, J. 
Antimicrob. Chemother. 30:47-55). Currently, there is no vaccine for M catarrhalis- 
mediated diseases. 

25 Although protective antigens of A£ catarrhalis have not been clearly defined, 

development of serum antibodies against M catarrhalis q^ypears to be important m 
immunity against A£ catarrhalis. For example, normal adults with inmiimity resuhmg 
from natural colonization or infection have a lower carriage rate (1 to 6%) than children 
(50 to 78%) and elderly persons (>26%), and suffer fewer infections (Ejlertsen T. et al., 

30 1994, J. Infect 29:23-31; Faden H. et al., 1994, J. Infect Dis. 169:1312-1317; Eliasson, 
I., 1986, Drugs 31 (Suppl 3):7-10; Vaneechoutte, M., et al., 1990., J. Clin. Microbiol. 
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28:2674-2680). Children develop serum antibodies to M catarrhalis gradually during 
the first four years of life, which seems to correlate with a decrease in the incidence of 
bacteronia and otitis media caused by M catarrhalis (CDR Weekly Reports, 1992- 
1995, Communicable Disease Surveillance Centre, London; Goldblatt D., et al., 1990, J, 
Infect Dis. 162:1128-1135; Vaneechoutte, M., et al., 1990., J Clin Microbiol 28:2674- 
2680; Bluestone, CD., 1986, Drugs 31 (Suppl 3):132-141). Antibodies to M 
catarrhalis have also been detected in acute and in convalescent sera of adult patients 
(Christensen, JJ., et al., 1990, Clin. Diagn. Lab. Immunol. 3:717-721; Rahman, M., et 
al,, 1997, APMIS 105:213-220). Most convalescent sera demonstrate bactericidal 
activity against the corresponding M catarrhalis isolate (Chapman, A.J.Jr., et al., 1985, 
J. Infect Dis. 151:878-882). These results indicate that serum antibodies are likely to 
be hivolved in protection against infections with M catarrhalis. 

Efforts to date to study A£ catarrhalis as an important pathogen have generally 
focused on describing sur&ce antigens, such as outer membrane proteins (OMP) 
(Bhushan, R., et al., 1994, J. Bacteriol. 176:6636-6643; Campagnari, A.A., et al., 1994, 
Infect Immun. 62:4909-4914; Hehninen, M.E., et al., 1993, Infect Immun. 61:2003- 
2010; Hehnmen, M.E., et al., 1994, J. Infect Dis. 170:867-872; Murphy, TJ„ et al., 
1993, Mol. Microbiol. 10:87-97). Two outer membrane proteins that have been 
extensively studied are a high-molecular-weight protein (UspA) and a major outer 
membrane protein (CD). Both of these proteins are relatively conserved among 
different strains of M catarrhalis and are able to generate bactericidal antibodies 
(Hehnmen, M.E., et al., 1994, J. Infect Dis, 170:867-872; Murphy, T.F., et al., 1993, 
Mol. Microbiol. 10:87-97; Yang, Y J»., et al., 1997, FEMS Immunol, Med. Microbiol. 
17:187-199). In addition, passive immunization with monoclonal antibodies to UspA, 
or immunization with UspA, has resulted in aihanced pulmonary clearance of A£ 
catarrhalis strains in a murine model (Hehninen, M,E., et al., 1994, J. Infect Dis. 
170:867-872; Chen, D., et al., 1996, Infect Immun. 64:1900-1905). Gmes encoding 
CD protem have been cloned and sequenced (Murphy et al., 1993, Molec. Microbiol. 
10(1):87). 

Other outer membrane proteins that have been purified and characterized include 
protein E (OMP E) (Bhushan et al., 1994, J. BactoioL, 176(21):6636), protein Bl (Ducey 
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et al., 1996, Abstracts, Gen. Mtg. Am, Soc. Microbiol, 96(0): 186), and protein COPB 
(Aebi et al., 1996, Abstracts, Intersci. Conf. Antimic^bial Agents & Chemothaapy 
36:158). Other sur&ce antigens incliide fimbriae, which have not been found in all 
isolates (Mairs, C.F. & S. Weir, 1990, Am. J. Med. 88 (suppl 5A):36S-40S), and a 

5 capsular polysaccharide, whose existence is controversial (Ahmed, K., et al„ 1991, 
Microbiol. LnmunoL 35:361-366). Lipooligosaccharide-associated high molecular 
weight outer membrane protein has also been identified (Klingman & Murphy, 1992, 
Abstr. Gen Mtg. Am. Soc. Microbiol.). 

Lipooligosaccharide (LOS), a major surface component of M catarrhalis, is a 

10 virulence fiictor for the pathogenesis of the bacterial infections (Doyle, WJ., 1989, 
Pediatr. Infect Dis. J. 81(Suppl): S45-S47; Fomsgaard, J.S., et al., 1991, Infect Immun. 
59:3346-3349). The LOS may be important for development of immunoprotection 
because (1) serum antibodies to LOS have been detected in patients with M catarrhalis 
infections, (2) the convalescent-phase IgG anti-LOS from patients has demonstrated 

15 bactericidal activity against M catarrhalis strains, and (3) LOS appears to have a 
conserved structure based on its serological properties in humans (Rahman, M., et al., 
1995, Eur. J. Clin. Microbiol, Infect Dis. 14:297-304; Tanaka, H., et al., 1992, J. Jpn. 
Assoc. Infect. Dis. 66: 709-715). Similarly, serum bactericidal LPS or PS antibodies 
specific to other microorganisms (e.g., K influenzae type b, Neisseria meningitidis, 

20 Vibrio cholerae, Shigella sonnei) confer immunity to those pathogens in humans 
(Robbms, J.B„ et al., 1995, J. Infect Dis. 171:1387-1398; Cohen, D., et al., 1997, 
Lancet 349:155-159). 

Three major antigenic types (A, B and C) of LOS account for about 95% of A£ 
catarrhalis strains (i,e., 61% A; 29% B; and 5% C in one study) (Vaneechoutte, M., et 

25 al., 1990, J. Clin. Microbiol. 28:182-187). Studies have shown that Aese LOSs contain 
an oligosaccharide linked to lipid A, without an O-specific polysaccharide, and the 
oligosaccharides firom the three serotypes are branched with a conmion iimer core 
(Edebrink, P., et al., 1994, Carbohydr. Res. 257:269-284; Edebrink, P., et al., 1995, 
Cari)ohydr. Res. 266:237-261; Edebrink, P., et al„ 1996, Carbohydr. Res. 295:127-146). 

30 Lipopolysaccharide (LPS) and LOS fix)m a variety of microorganisms are 

generally toxic in vivo to mammals. Many approaches have been used to detoxify LPS 
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or LOS, or to obtain nontoxic polysaccharides from LPS or oligosaccharides from LOS. 
For example, mild-acid treatment of LPS or LOS has been used to cleave the lipid A 
portion from the LOS molecule at the Kdo-glucosamine Unkage (Gu, XX., & CM. 
Tsai, 1993, Infect Inmiun. 61:1873-1880). Another method is mild-alkali treatment of 
LOS, removes ester-linked fatty acids vAnlc preserving amide-linked fetty acids of lipid 
A (Gupta, R.K., et al„ 1992, Infect Immun. 60:3201-3208; Gu et al., 1996, Infect & 
Imm.64(10):4047). 

Development of vaccines agafaist M catarrhalis and other microorganisms has 
been attempted using a variety of ^jproaches (Karma et al., 1995, Infl. J. Ped. 
OtorfiinolaryngoL 32 (SUPPL.): S127-S134). Vaccines agamst M catarrhalis based on 
outer membrane proteins E and CD, derived peptides and oligopq)tides, or nucleotides 
encoding these proteins have been disclosed in U.S. Pat No. 5,607,846 and U.S. Pat No. 
5,556,755. Conjugate vaccines made \q) of a carbohydrate-containing antigen bound to an 
immunomoduladng cytokine, lymphokine, hormone or growth fector have been disclosed 
in U.S. Pat No. 5^34379. Canadian Pat No. 2,162,193 discloses that a purified bacterial 
lactoferrin receptor protein may be used as a vacdne against pathogens that produce a 
lactoferrin receptor protein, includmg M catarrhalis. PCX Application WO 90/11777 
discloses a method for obtaming unassembled bactmal pilus subunits for use in a vacdne 
against M, catarrhalis and other bacteria. 

A vaccme against Mcatarrhdis that is both nontoxic and immunogenic is needed 
to prevent otitis media, sinusitis and sraiilar respiratory tract infections in mammals, 
particularly m human children and adults. Although methods of detoxification of LOS 
from other microorganisms are known, the detoxified products (i.e., h^ten) arc 
generally poorly immunogenic in vivo. Therefore, there is a need for a form of M 
catarrhalis LOS that is detoxified but sufBciaitly inraiunogoric to elidt an immune 
response with production of anti-LOS antibodies, prefeaably IgG, in vivo m mammals, 

Sl^^nry ^he invention 
Accordmg to one aspect of the invention, there is disclosed conjugate vaccine for 
Moraxella catarrhalis, includmg a lipooligosaccharide (LOS) isolated from M. 
catarrhalis and detoxified by treating to remove esterified fetty acids to produce a 
detoxified LOS (dLOS), or by treating to remove lipid A to produce an ohgosaccharide 
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(OS), and an immunogenic carrier covalently linked thereto. In one embodiment, the 
immunogenic carrier is a proteiiL In another embodiment, the inununogenic carrier 
protein is selected fix)m the group consisting of UspA isolated from M catarrhaliSy CD 
isolated from M catarrhalis, tetanus toxinAoxoid, a high molecular weight protein (HMP) 
isolated fix)m nontypeable Haemophilus influenzae^ diphtheria toxin/toxoid, detoxified P. 
aeruginosa toxin A, cholera toxin/toxoid, pertussis toxin/toxoid, Clostridium perfringens 
exotoxins/toxoid, hepatitis B sur&ce antigen, hepatitis B core antigen, rotavirus VP 7 
protein; CRMs (Cross Reacting Materials), including CRMi97 (P^>penheimer et al., 
Immunochem, 9:891-906, 1972) and CRM3201 (Black et al.. Science 240:656^59, 1988); 
and respiratory syncytial virus F and G protein. In one aspect of the vaccine, the 
immunogenic carrier protein is tetanus toxoid or HMP. Another embodiment is a 
pharmaceutical composition diat includes such a vaccine conjugate in a pharmaceutically 
acceptable carrier, vMch may include an adjuvant. Preferably, the adjuvant is an 
admixture of monophosphoryl lipid A and trehalose dimycolate or alum. In one 
embodiment, the immunogenic carrier is covalently linked to de-esterified LOS via a 
linker compound. Preferably, tiie linker compound is selected from the gjcovp consisting 
of adipic acid dihydra:dde, e-aminohexanoic acid, chlorohexanol dime&yl acetal, D- 
glucuronolactone and p-nitrophenylefliyl amine, and more preferably, the linker 
compoimd is adipic acid dihydraade. In one embodiment, the vaccine fiirther includes an 
oligosaccharide (OS) isolated from M catarrhalis by removal of lipid A from LOS, 
which is covalently linked to an unmunogenic carrier. 

According to anoth^ aspect of the invention, there is disclosed a 
lipooligoi^ccharide isolated from Moraxella catarrhalis and detoxified by removal of 
ester-linked fetty adds tiierefrom (dLOS), or an oligosacdiaride obtained from ranoval of 
lipid A fix)m LOS. In one embodiment, the Moraxella catarrhalis from which tfie 
lipooligosaccharide is isolated is a purified strain of Moraxella catarrhalis. 

According to another aspect of the invention, there is disclosed a method of 
preventing otitis media caused by infection with Moraxella catarrhalis in a mammal, 
including administ^ing to the ni^Tnmal an efiBxtive immunoprotective amount of the 
conjugate vaccine that includes a detoxified lipooligosaccharide (dLOS) produced by de^ 
esterification of LOS derived from Moraxella catarrhalis, or an oligosaccharide (OS) 
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produced by removal of lipid A fiom LOS, and an immunogenic carder covalently linked 
to the dLOS or to the OS. In a preferred embodiment, the mammal is a human. Inanother 
embodiment, the conjugate vaccine is administered parenterally. In one embodiment, the 
conjugate vaccine is administered by intramuscular injection, subcutaneous injection, or 
by deposit on intranasal mucosal membrane or combinations thereof In another 
embodiment, the effective immunoprotective amount is between about 10 |ig and about SO 
lig per dose. The method may also include injecting between about 10 jig and about 25 
^g of the conjugate vaccine at about two months and again at about thirteen months after 
the administering step. In one embodiment, the administering step includes administmng 
a first dose, and then administering a second dose of about 10 jxg to about 25 \xg of flie 
conjugate vaccine at about two months after the first dose, administering a tiiird dose of 
about 10 ^g to about 25 ^g of the conjugate vaccine at abotit 2 months after tiie second 
dose, and administering a fourth dose of about 10 ^g to about 25 ^g of the conjugate 
vaccine at about 12 months after the third dose. 

According to another aspect of the invention, there is disclosed a method for 
detoxifying UpooUgosacdiaride OLOS) isolated &ojn Moraxella catarrhalis, iocludtng 
removing ester-linked fiitty adds from the LOS. In one embodiment, the ester-linked fetty 
acids are r^oved with hydra^ne or a mild alkaline reagent 

The invention also includes a method for detoxifying LOS fi^om Moraxella 
catarrhaliSy including removal of lipid A firom the LOS to produce OS. In one 
embodimmt, the lipid A is removed by acid treatment 

According to another aspect of the inv^ition, there is disclosed a mediod of 
making a conjugate vaccine against Moraxella catarrhalis including removing ester- 
linked fetty acids from lipooligosaccharide (LOS) isolated from M catarrhalis to produce 
de-esterified LOS (dLOS); and covalently linking ttie dLOS to an immunogenic carrier. 
In one embodiment, the removing step comprises treating the LOS wifli hydrazine or a 
mild alkaline reagent In one CTibodiment, the linking step includes attaching the dLOS to 
a linker compound and attaching the linker compound to the inmiunogeruc carrier. 
Preferably, the linker compoimd is adipic acid dihydrazide, 8-aminohexanoic acid, 
chlorohexanol dimethyl acetal, D-glucuronolactone or p-nitrophenylefliyl amine, and more 
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preferably, the linker compound is adipic acid dihydraade. In another embodiment, the 
vaccine composition may include an adjuvant 

The present invention also provides a conjugate vaccine comprising a 
lipooligosaccharide (LOS) isolated from M catarrhalis and detoxified by treating to 

5 remove esterified &tty acids to produce detoxified LOS (dLOS), or by removing lipid A 
to produce oligosaccharide (OS), and an immunogenic carrier covaloitly linked thereto, 
for use in preventing otitis media caused by infection with Moraxella catarrhalis in a 
mammal. Preferably, the immunogenic carrier is a protein. In one aspect of this preferred 
embodiment, immunogenic carrier protein is UspA isolated fix>m M catarrhalis, CD 

10 isolated from M catarrhalis, tetanus toxin/toxoid, a high molecular weight protein (HMP) 
isolated from nontypeable Haemophilus influenzae, diphtheria toxin/toxoid, detoxified P. 
aeruginosa toxin A, cholem toxin/toxoid, pertussis toxin/toxoid, Clostridium perfringens 
exotoxins/toxoid, hq>atifis B sur&ce antigen, hepatitis B core antigen, rotavirus VP 7 
protein; CRMs including CRM197 (Pappenheimer et al. stq>ra^ and CRM3201 (Black et aL, 

15 supraJ); or respiratory syncytial virus F and G protem. Preferably, the inmiunogenic 
carrier protein is tetantis toxoid or HMP. 

Brief E)escri ption of the Drawings 
FIG. 1 gr^hically shows the bactericidal titers against M catarrhalis strain 
25238 of rabbit antisera obtained fcom groups of two to three rabbits, in which each 

20 member of the group was individually vaccinated twice with: LOS ("LOS'O* conjugates 
("dLOS-rr and "dLOS-HMP*^, or conjugates with adjuvant ("dLOS-TT + RiW and 
"dLOS-HMP + Ribi'O- The bactericidal titers are shown as the fold increase above the 
value for preinomune sera, based on the serum dilution causing more flian 50% killing of 
the bact^ia and expressed as the geometric mean (tiie bar) and standard deviation (the 

25 line above tiie bar) for each group. The bactericidal titre of hyperimmune sera elidted 
by M catarrhalis whole cells was 1 :1,600. 

FIG. 2 is a schematic diagram of a passive protection study in a mouse 
pulmonary clearance model using aerosol challenge of M catarrhalis strain 25238. 
Forty mice were immimized with either rabbit antisera against dLOS-TT, or with pre- 

30 immune sera, thai challenged with M catarrhalis by aerosol chamber 18 hours after 
immunization. The mice were sacrificed at 3 and 6 hours after challenge. 
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FIG. 3 is a graph showing the results of the passive protection study described in 
the legend to FIG. 2. Lungs and blood samples were collected for analysis. They-axis 
shows the bacterial colony forming units (CFU) per limg. The first bar shows the 
control group, and the second group shows the vaccine group. At three hours post- 

5 challenge, the amount of bacteria in the vaccine group was reduced by 50% compared to 
the control. At 6 hours post-challenge, there was a 61% reduction in the vaccine group 
compared to the control group. 

Pgtailed Pgsgription of thg Invention 
Lipooligosaccharide (LOS) of Moraxella (Branhamella) catarrhalis is a major 

1 0 sur£Eice antigen that elicits bactericidal antibodies against bacteria that cause otitis media 
and sinusitis in children and respiratory tract infections in adults. For simpUcity, the 
bacteria are referred to hereinafter as Moraxella catarrhalis or M. catarrhalis. The M 
catarrhalis LOS was isolated and treated to reduce its toxicity by about 20,000-fold, as 
assayed using a Limulus amebocyte lysate (LAL) test. The detoxified LOS (dLOS) was 

15 coupled to a carrier (e.g., tetanus toxoid or high-molecular-weight proteins purified 
ftom nontypeable Haemophilus influenzae) flirough a linker compound to form dLOS- 
TT or dLOS-HMP. The molar ratios of dLOS to TT and HMP in the resultmg 
conjugates were about 19:1 and 31:1, respectively. The antigenicity of the two 
conjugates was similar to that of isolated LOS, as determined by a double- 

20 itrununodififusion assay. For both dLOS-carrier conjugates, subcutaneous (s,c.) or 
intramuscular (i.m.) injection into animals elicited increased mean levels of 
inmiimoglobulin G (IgG) to LOS. In mice, a 50- to 100-fold rise in the mean IgG levels 
was detected after three injections of the conjugates, and in rabbits, a 350- to 700-fold 
rise of IgG levels was detected after two injections. The inomimogenicity of the 

25 conjxigate was enhanced by inclusion of an adjuvant in the conjugate formulation. 

In rabbits, antisera prodiiced afier conjugate inomunization induced complement- 
mediated bactericidal activity against the homologous strain and heterologoiis strains of 
M catarrhalis. These results show a detoxified LOS-protehi conjugate is useful as a 
vaccine for iTnmiiTiiTing against M. catarrhalis-caused diseases. 

30 A purified type A M catarrhalis strain (ATCC strain 25238, available fix)m the 

American Type Culture Collection, Rockville, MD) was used as an exemplary source 
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for purification of LOS using standard methods (Edebrink, P,, et al., 1994, Carbohydr. 
Res. 257:269-284; Masoud, H., et al., 1994, Can. J. Chem. 72:1466-1477). Other 
known strains of M catarrhcdis, many of vMch are available fix>m the ATCC or other 
repositories, or purified clinical isolates obtained using well known bacteriological 

S methods are also within the scope of the invention for use as a source of LOS. Briefly, 
the M. catarrhalis strain 25238 was grown on chocolate agar for 8 hr, and tiien 
inoculated into 3% tryptic soy broth (TSB) which was incubated with shaking at 37°C 
overnight The culture was fiirther diluted and transferred to baffled flasks containing 
TSB, and grown with shaking at 3TC for an additional 24 hr. The cells were collected 

10 by centrifixgation, and the pelleted cells were washed with ethanol, acetone, and 
petroleum ether using standard methods (as described in Masoud, H., et al,, 1994, Can. 
J. Chem. 72: 1466-1477), before being dried to a powder. The LOS was extracted from 
cells by a standard hot phenol-water method (Wes^hal, O., et al., 1965, Methods 
Carbohydr. Chem, 5:83-91) with modifications (Gu, X-X., 1995, Infect, Immun. 

15 63:4115-4120) to yield LOS with a protein and nucleic acid content of less than 1% 
(Smith, P.K., et al,, 1985, Anal. Biochem, 150:76-85; Warburg, O. & W. Christian, 
1942, Biochem. Z, 310:384-421). Other known methods of LOS purification may be 
substituted for die methods described herein. 

Although the use of hydrazine for detoxification of LOS fiom M catarrhalis is 

20 described herein, the use of any reagent or enzyme cq)able of rmioving esterified fetty 
acids from lipid A, sudi as mild alkaline treatment, i.e., treatment with dilute (0.1 N) 
NaOH or other dilute aqueous base solutions having a pH of betweai about 13,2 and 13.6, 
is within the scope of the present invention. It is important that the detoxification 
conditions be mild enough to not hydrolyze the oligosaccharide portion of the LOS. 

25 Hydrolysis of the oligosaccharide will destroy protective epitopes. The isolated M 
catarrhalis LOS was detoxified using anhydrous hydrazine treatment under mild 
conditions substantially as previously described (Gu, X.X., et al., 1996, Infect Tmmun. 
64:4047-4053; Gupta, R,K., et al., 1992, Infect hnmun. 60:3201-3208). Briefly, LOS 
was suspended in anhydrous hydrate and incubated at a temperature of between l^C 

30 and 100**C, preferably between 25**C and 75*^0, and more preferably, about 37*'C. 
Incubation witti mixing was between 10 min to 24 hr, preferably about 2 hr to about 3 
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hr, and then the mixture was cooled and cold acetone was added until a precipitate 
formed which was collected by centrifiigation. The pellet was washed with acetone, 
dissolved in water, and then ultracentrifiiged. The siq)ematant obtained after 
ultracentrifugation was freeze-dried, redissolved and subjected to column 
chromatography to elute the carbohydrate-containing fractions, which were pooled, 
freeze-dried, and designated dLOS. By weight, the dLOS was about 38 % of LOS. 

Alternatively, LOS can be detoxified by mild acid treatment using dilute or 
weak aqueous acids having a pH of between about 2 and 3, as disclosed by Gu et al. 
{Infect ImmuTL 61:1873-1880, 1993) vrfiich results m removal of lipid A to produce an 
oligosaccharide (OS). This OS is then conjuated to carriers using the same methods as 
for dLOS. Althoi^ the use of acetic acid for removal of lipid A &om M catarrhalis LOS 
is described herein, the use of any reagent or enzyme capable of removing lipid A is 
within the scope of the present invention. The OS-protein conjugates are also 
immunogenic in bodi mice and rabbits, and elicit antibodies to both LOS and the carrier 
proteins. In mice, conjugale(with adjuvant>immunized sem showed bactericidal activity 
against the homologous M catarrhalis strain 25238. In rabbits, conjugate-immunized 
sera showed bactericidal activity against homologous strain 25238. 

For preparation of dLOS or OS conjugates, the dLOS may be directly covalratly 
bonded to a carrier protein, for example, by using a cross-linking reagent such as 
glutaraldehyde. Preferably, the dLOS or OS conjugates are produced by use of a linker 
compound separating the dLOS or OS and ttie carrier, using any of a variety of known 
mefliods (e.g., see Marburg et al., 1986, J. Am, Chem. Soc. 108:5282, and U.S. Pat Nos. 
4,882317; 5,153312; 5,204,098). Presence of a linker promotes effident coiqpling of the 
dLOS or OS to the carrier and optimizes immunogenidty of tiie conjugate. Linkers 
having chains \^diose lengdi and flexibility can be adjusted as desired may separate the 
carbohydrate and carrier components. Linkers may permit increased translational and 
rotational characteristics of flie conjugate antigens, thus increasing access of the binding 
sites of antibodies. Between flie bifimctional sites, the linker chains may contain a variety 
of structural features, including heteroatoms and cleavage sites. Although adipic 
dihydrazide (ADH) is a preferred linker, other suitable linkers include, for exan^)le, 
heterodifimctional linkers such as E-aminohexanoic acid, chlorohexanol dimethyl acetal. 
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D-glucuionolactone and p-nitiophenyl amine. Coupling rcagmts contemplated for use in 
the present invention include hydroxysuccinimides and caibodiimides. Many suitable 
linkers and coupling reagrats are known to those of ordinary skill in the art (Dick et al.. 
Conjugate Vaccines^ J, M. Cruse & R.E. Lewis, Jr., eds., Karger, New York, pp. 48-1 14, 
5 1989). 

In a preferred embodiment, the dLOS or OS was first derivadzed with adipic 
dihydrazide (ADH) which serves as the linker to a protein carrier. Briefly, adipic acid 
dihydrazide (ADH) was boimd to the carboxyl group of Kdo moiety of the dLOS or OS 
to form AH-dLOS or AH-OS derivatives using known methods (Gu, XJC, & CM. 

10 Tsai, 1993, Infect Inmiun, 61:1873-1880). A molar excess of ADH was used to ensure 
more eflScient coupling and to limit dLOS-dLOS coupling. In the reaction mixture, the 
molar ratio of ADH to dLOS or OS is typically between about 10:1 and about 250:1, 
preferably between about 50:1 and about 150:1, and more preferably, about 100:1. In a 
preferred embodiment, one ADH per dLOS or OS is present in the AH-dLOS conjugate. 

15 In another preferred embodiment, in the final dLOS-carrier conjugate, tfie molar rado of 
dLOS or OS to carrier is between about 15 and about 100, in a preferred lower range of 
about 20 to about 35 and a preferred upper range of about 40 to about 75, preferably 
between about 25 and about 50, and more prefeably about 50. This ratio is gra^nally 
controlled by varying the starting concentrations of AH-dLOS or AH-OS and carri^, and 

20 the time of reaction. Generally, within these ranges, IhcsG was a positive correlation 
between the ratio and the antibody response to the conjugate in vivo (i.e., the higher the 
ratio, the higher the refuse). The derivatized dLOS or OS was purified fix)m the 
reaction mixture by column chromatogr^hy to obtain eluate fi:actions containing both 
carbohydrate and adipic hydrazide (Kemp, A.H. & MJLA. Morgan, 1986, J. Inununol. 

25 Methods 94:65-72). These fi:actions were pooled, fireeze-dried, and designated AH- 
dLOS or AH-OS. 

Although a prefored embodiment of the present invention is A£ catarrhalis 
dLOS or OS linked to a protein, more preferably tetanus toxoid (TT) or high molecular 
weight proteins (HMP) purified firom H, influenzae, a variety of carriers known in the 
30 art are also suitable for producing the dLOS- or OS-carrier conjxigates of the present 
invention. HMP refers to a group of surface-exposed high molecular weight proteins 
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that are major antibody tai^ets in hiunan convalescent sera obtained from individuals 
who have been infected with K influenzae (further defined structurally and functionally 
by S J. Barenkamp, 1992, J, Infect Dis. 165(Siq)pL 1):S181-184). The carrier increases 
the immunogenicity of the oligosaccharide and antibodies raised against the canier may 
be medically beneficial. The carrier may be water soluble or insolxible. Suitable natural 
or synthetic polymeric immunogenic carries include, for example, matmals containing a 
primary and/or secondary amino groiq), an aado groiq) or a caiboxyl group. 

Any one of a variety of immimogenic carrier proteins may be used to produce the 
dLOS- or OS-carrier conjugates of die present invention. These protems include, for 
example, pili, outer membrane proteins and excreted toxins of pathogenic bacteria, 
nontoxic or "toxoid" forms of sudi excreted toxins, nontoxic proteins antigenically similar 
to bacterial toxins (known as cross-reacting materials or CRMs) and other proteins. 
Preferred outer membrane proteins are those isolated from gram-negative bacteria. 
Preferred outer membrane proteins include UspA and CD isolated from AC catcnrhalis 
outer membrane. Toxoids are also preferred. Nonlimiting examples of bacterial toxins 
and toxoids conten^)lated for use in the present invention include, for example, tetanus 
toxin or toxoid, diphdieria toxin or toxoid, detoxified P. aeruginosa toxin A, cholera toxin 
or toxoid, pertussis toxin or toxoid, and Clostridium sp, exotoxin or toxoid. The use of 
viral proteins (e.g., hepatitis B surfece or core antigens; rotavirus VP 7 protein and 
respiratory syncytial virus (RS V) F and G proteins) as carriers is also contemplated. 

CRMs faiclude CRM197, antigenically equivalent to diphtheria toxin 
(P^jpenheimor et al., stq^ra) and CRM3201, a genetically manipulated variant of 
pertussis toxin (Black et aL, supra). The use of immunogenic carrier proteins ftom non- 
mammalian sources, sudi as, for example, keyhole limpet hemocyanin, horseshoe crab 
hemocyanin and plant edestin is also within the scope of the inventiorL 

Many coiq[>ling melbods are envisioned for producing the M catarrhalis dLOS-or 
OS-protein conjugates. For example, as iwesaited hraein, dLOS or OS was doivatized 
with AH and then linked to TT or HMP. Alternatively, anodier method for producing 
suitable dLOS- or OS-protein conjugates involves cystamine derivatization of dLOS, by 
EDC-mediated derivatization, followed by disulfide conjugation to N-succunidyl-3-(2- 
pyridyldithio) propionate-derivatized protein. Other well-known methods for conjugating 
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oligosaccharides to immunogenic earner proteins are also within the scope of the 
invention, as described, for example, in U.S. Patent No. 5,153312, U.S. Patmt No. 
5;204,098; and European Patents EP 0 497 525; and EP 0 245 045, 

AH-dLOS or AH-OS was coupled to tetanus toxoid (TT) or high molecular 
weight proteins (HMP) from K influenzae to form conjugates (Gu, X.X., & CM. Tsai, 
1993, Infect Immun. 61:1873-1880). The molar ratio of AH-dLOS or AH-OS to the 
protein component in the reaction mixture is typically between about 10:1 and about 
250:1, preferably is between aboxit 50:1 and about 150:1, and more preferably, is about 
100:1. For example, AH-dLOS, dissolved in water, was mixed with TT or HMP at 
molar ratios of AH-dLOS to conjugating protein of about 100:1. Then, the pH was 
adjusted to 5.4 ± 0.2 and l-ethyl-3-(3-dimethyIaminopropyl) carbodiimide HCI was 
added to the stirred reaction mixture for 1 hr to 3 hi. The reaction mixture was adjusted 
to pH 7.0, centrifiiged, and purified by column chromatogr^hy. Peaks that contained 
both protein and carbohydrate were pooled, and designated as dLOS-TT or dLOS-HMP, 
depending on the protein used in the conjugate. Conjugates were analyzed for their 
carbohydrate and protein compositions using conventional methods, and dLOS and 
BSA as standards (Dubois, M., et al., 1956, Anal. Biochem. 28:250-256; Smith, P.K., et 
al., 1985, Anal. Biochem. 150:76-85). 

It will be understood by those skilled in the art that the dLOS or OS coupled to 
the carrier may have originated with a single M catarrhalis strain or with a variety of 
strains, to produce a multivalent mixture. Alternatively, dLOS- or OS-carrier 
conjugates may be prepared individually using a single source of dLOS or OS for 
production of a single conjugate, and then different conjugates may be mixed 
subsequently to produce a vaccine containing more than one type of dLOS- or OS- 
carrier conjugate. In this w^, a vaccine containing one or more of the known antigenic 
types of M catarrhalis LOS may be produced. 

Purified dLOS was characterized and compared to purified LOS using standard 
SDS-PAGE and silver staining techniques, substantially as described previously (Tsai, 
CM. & C.E. Frasch, 1982, Anal. Biochem. 119:115-119). Aliquots of M catarrhalis 
LOS (25, 50, 100 and 200 ng) and dLOS (20 iig) were separated on the gel v^*ich also 
contained, as standards. Salmonella minnesota LPS Ra and Rc. Each of the lanes 
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containing M catarrhalis LOS showed a single band of about 4,000 (Edebrink, P. et 
al., 1994, Carbohydr. Res, 257:269-284), while the lane containing 20 jig of dLOS did 
not show a detectable band at the location of LOS. The lane containing 20 jig of dLOS 
instead showed a feint blurred band at about the level of the S, mirmesota LPS Ra band. 
These results showed that the dLOS sample contained less than 0.25% residual M 
catarrhalis LOS. 

The toxicity of isolated LOS, and dLOS were tested by using the standard 
Limulus amebocyte lysate (LAL) assay (Hochsteui, H.D., et al., 1973, Bull. Parenter. 
Drug Assoc. 27:139-148). The sensitivity of the LAL assay is 0.2 EU/ml, when a 
standard available from the U.S.F.D.A. was used. The isolated LOS showed 20,000 
EU/jig, whereas the dLOS showed 1 EU/^g, representing a 20,000-fold reduction of 
toxicity. Preferably, a composition having a reduction of about 500-fold to about 1,000- 
fold EU/|ig or more is used for a vaccine. Such reductions of in vitro toxicity 
determined using, for example, the LAL assay, correlate with reduced and acceptable 
levels of in vivo toxicity. In vivo toxicity can be readily determined using standard in 
vivo pyrogen testing methods (e.g., in mbbits, usii^ doses of 0.1 ^g to 1 |ig/kg of body 
weight). 

The antigenicity of the dLOS, AH-dLOS and the dLOS-TT and dLOS-HMP 
conjugates was tested by double immunodifRision using rabbit hyperimmime serum to 
M, catarrhalis whole cells (strain 25238). The hyperinunune serum was prepared by 
standard meAods. Briefly, two New Zealand \^*ite rabbits (female, 2 to 3 kg each) 
were injected subcutaneously and intramuscularly twice (both S-c. and i.m. for each 
injection) at four-week intervals with an emulsion of lO' M catarrhalis whole cells 
(strain 25238) and incomplete Freund's adjuvant (at a ratio of 1:1, volArol). Blood 
samples were collected before and two weeks after each injectioxL 

Double immunodifihision was performed using standard m^ods in a 0.8 % 
agarose gel m phosphate-buffered saline (PBS, pH 7.4). In this assay, the central well 
contained the rabbit hyperimmime serum to M catarrhalis whole cells and the 
surroundmg wells individually contained LOS, dLOS-TT, dLOS-HMP, dLOS, and 
HMP. The hyperimmune serum reacted with the LOS in the double-immimodifiiision 
assay, producing a sharp, readily detectable band of precipitation. Similarly, the 
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hyperimmune serum reacted with the dLOS to produce a somewhat broader band of 
precipitation, showing that the isolated dLOS retained the antigenicity of the isolated 
LOS. The hyperimmune serum also reacted with the dLOS-TT and dLOS-HMP 
conjugates, producing an identical band of precipitation vrfien compared to LOS. In 
contrast, the hyperimmune serum did not react measurably with the isolated HMP. 

Antigenicity was also measured using an enzyme linked immimosorbent assay 
(ELISA), using previously-described methods (Gu, X.X., et al., 1996, Infect Immun. 
64:4047-4053), with some modifications. The ELISA plates were coated with LOS and 
then blocked with 3 % BSA, Thrai, the ELISA wells were incubated with diluted rabbit 
serum, before alkaline phosphatase-conjugated goat anti-rabbit IgG and IgM (Sigma) 
was added. Between all of the steps, the wells were washed copiously with PBS 
containing a polymeric dispersing agent (0.01% Tween-20). The en2yme substrate was 
added for 30 min, and then the reactions were quantitated at A405. The antigenicity of 
the dLOS-carrier conjugates was determined similarly, using the conjugates as coating 
antigens and a diluted rabbit immune serum as a binding antibody. Both dLOS-carrier 
conjugates showed comparable binding to rabbit hyperimmune serum, and the 
antig^city of the dLOS-carrier conjugates was higher than that of LOS under the 
same conditions. 

To determine in vivo antigenicity, the dLOS-carrier conjugates were injected 
parenterally into mice and rabbits and the levels of anti-LOS antibodies in the animals' 
sera was measured subsequentiy using ELISA. In mice, a nonconjugated mixture of 
dLOS and TT or HMP did not eUcit anti-LOS antibodies. In contrast, botii dLOS-TT 
and dLOS-HMP conjugates elicited low levels of anti-LOS IgG after a second injection 
of the conjugate. Following a third injection of tiie conjugate, there was about a 50- to 
100-fold rise in anti-LOS IgG. Both dLOS-TT and dLOS-HMP elicited sunilar levels 
of anti-LOS IgG after three injections. LOS alone and the dLOS-carrior conjugates 
elicited similar levels of anti-LOS IgG. 

Formulation of botii dLOS-TT and dLOS-HMP conjugates with an adjuvant 
significantiy enhanced immunogenicity in mice. That is, two doses of the dLOS-cairier 
conjugates with adjuvant elicited comparable or higher IgG levels than that of tiiree 
doses of the conjugates alone. After three injections of the dLOS-carrier conjugate with 
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adjuvant, there was about a 9 to 15-fold rise of anti-LOS IgG over the levels obtained 
following three injections of the same conjugate without adjuvant The dLOS-TT 
conjugate elicited lower levels of IgG than did the dLOS-HMP conjugate after three 
injections of conjugate-adjuvant formulations. 

The adjuvant used contained monophosphoryl lipid A and trehalose dimycolate 
(commercially available as Ribi-700, from Ribi Immunochemical Research, Hamilton, 
MT). Also contemplated within the scope of the invention are otiier well known standard 
adjuvants, such as, for example, aluminum compounds (i.e. alum), chemically-modified 
lipopolysaccharide, suspensions of killed Bordetella pertussis, N-acetylmuramyl-L-alanyl- 
D-glutamine and other adjuvants known to one of ordinary skill in the art. Additional 
adjuvants are described by Warren et al. (Ann. Rev. Biochem. 4:369-388, 1986; New 
Generation Vaccines, 2nd Edition, Levine, M. M. et al., Eds., Marcel Dekker, Inc., New 
Yoric, 1997). The use of aluminum compounds is preferred, and adjuvants ^proved for 
use in humans are particularly prefenred. When the mouse sera were assayed for IgM 
levels, the conjugates elicited low to medium levels of anti-LOS antibodies after each 
injection, whereas LOS elicited high levels of anti-LOS IgM after the third injection. 
The addition of an adjuvant to the dLOS-protein conjugates enhanced the levels of anti- 
LOS IgM produced after tiie second injection. 

When the mouse sera were similarly assayed for antibodies directed against the 
protein components (TT or HMP) of the dLOS-protein conjugates, anti-protein 
antibodies were found. For anti-TT antibodies, dLOS-TT elicited low level of IgG aftCT 
the first injection, and that level rose significantly after the second and third injections. 
Injection of the dLOS-TT conjugate wifli adjuvant enhanced tfie level of IgG produced 
in dLOS-TT injected group compared to Ae mice fliat received with the same conjugate 
without adjuvant The unconjugated mixture of TT and dLOS elicited h^er levels of 
anti-TT IgG than that elicited by dLOS-TT. All immunogens elicited low levels of anti- 
TT IgM, vAiich was increased by the inclusion of adjuvant in the injections. 

When the mouse sera were similarly assayed for anti-HMP antibodies, dLOS- 
HMP elicited a low level of IgG after the first mjection, and the anti-HMP IgG level 
rose significantly after the second and third injections. Inclusion of an adjuvant 
enhanced the levels of IgG in mice that received the dLOS-HMP conjugate. The 
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unconjugated mixture of HMP and dLOS elicited higher levels of anti-HMP IgG than 
that seen in the mice that received the dLOS-HMP, with or without adjuvant (see Table 
2 below). All of the immunogens elicited low levels of anti-HMP IgM. 

Immunogenicity of the dLOS-protein conjugates was also determined for rabbits 

S injected s.c. and i.m. at time 0 and one month later (injections were bodi s.c. and i.m. for 
each injections). Blood samples were collected at time 0 (Le., at the first injection 
time), two weeks after the first injection, and two weeks after the second injection. 
Using the ELISA methods as used to measure antigenicity of the mouse sera, the levels 
of IgM and IgG were detennined for rabbit sera obtained after injection with the 

10 following inmiunogens (all at 50 jig per immunogen per injection): LOS, dLOS-TT, 
dLOS-TT with adjuvant, dLOS-HMP, dLOS-HMP wifli adjuvant, an unconjugated 
admixture of dLOS, TT, and HMP, or whole M catarrhalis cells. The mixture of 
dLOS, TT, and HMP or LOS alone elicited low levels of anti-LOS IgG or IgM 
antibodies after two injections. The dLOS-TT conjugate elicited a significant rise of 

15 anti-LOS IgG after the first and second injections compared to pre-injection serum 
levels. Injection of the dLOS-HMP conjugate elicited lower levels of IgG than did the 
dLOS-TT conjugate. Inclusion of an adjuvant enhanced the levels of anti-LOS IgG for 
both conjugates after eadi injection, and there was no significant difference between tiie 
two conjugates after two injections witii adjuvant For IgM, both conjugates elicited 

20 low to medium levels of anti-LOS antibodies, and inclusion of an adjuvant elicited 
goierally increased levels of anti-LOS IgM antibodies detected after each injection, 
compared to the same conjugate injected without adjuvant 

When the rabbit sera were similariy assayed for antibodies directed against the 
protein components of tiie dLOS-protein conjugates, anti-protein antibodies were foimd. 

25 For anti-TT antibodies, dLOS-TT elicited low levels of IgG aftar the first injection, and 
the level rose significantty after the second injection. Significantly more anti-TT IgG 
detected after injection of dLOS-TT with adjuvant, compared to injection without 
adjuvant Injection of a nonconjugated mixture of TT, dLOS and HMP elicited higher 
levels of anti-TT IgG tiian that elicited by dLOS-TT, but lower tiian elicited by dLOS- 

30 TT with adjuvant after the second injection. All inmiimogens elicited low to medium 
levels of anti-TT IgM. 
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For anti-HMP antibodies found in rabbit sera, dLOS-HMP elicited low level of 
IgG after the first injection, that level rose significantly after the second injectioiL 
Inclusion of an adjuvant with dLOS-HMP enhanced the levels of ant-HMP IgG 
antibodies. The adnuxture of HMP, dLOS and TT elicited higher level of anti-HMP 
IgG than injection of dLOS-HMP without adjuvant, but somewhat less than the dLOS- 
carrier conjugate with adjuvant All immunogens elicited low to medium levels of anti- 
HMP IgM. 

The antisera produced in mice and rabbits was assayed for bactericidal activity 
in vitro against homologous and heterologous strains of M catarrhalis, using standard 
methods (Gu X-X., et al., 1996, Infect Immun. 64:4047-4053). In the rabbit model, 
sera produced after inmiunization with LOS or unconjugated dLOS showed no 
bactericidal activity against the homologous M, catarrhalis strain. In contrast, sera 
produced in response to immunization with dLOS-TT showed bactericidal activity at 
mean titers of 1:16 ( without adjuvant) and 1:40 (with adjuvant), and sera produced 
following immunization with dLOS-HMP showed bactericidal activity at mean titers of 
1:10 ( without adjuvant) and 1:40 (with adjuvant). The anti-LOS IgG levels, as 
determined by ELIS A, correlated with the detected bactericidal titers. 

The bactericidal activities of the antisera against the homologous M catarrhalis 
strain and heterologous strains fixjm different geographic areas (e.g,, Japan) showed diat 
rabbit sera produced in response to the dLOS-protein conjugates had more bactericidal 
activity than did similarly produced mouse sera All of the conjugate-induced rabbit 
sera showed bactericidal activity against the homologous M catarrhalis strain and 
representative sera showed bactericidal activity against most nonhomologous strains (9 
of 10 ATCC strains and clinical isolates). In contrast, less than half of the dLOS-cairier 
conjugate-induced mouse antisera showed bactericidal activities against die homologous 
strain. Generally, the bactericidal titers and the levels of anti-LOS IgG antibody 
correlated. 

The bactericidal activities of the rabbit antisera elicited by dLOS-TT formulated 
with an adjuvant were analyzed using twenty additional M catarrhalis strains (ten wild 
type ATCC strains and ten clinical isolates). Ten of twenty strams were eitha: 
complement sensitive or serum sensitive. Using the remaining ten strains, the rabbit 
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antisera demonstrated bactericidal activities to four ATCC and five clinical isolates at 
the mean titer of 1:15 (range 1:2 to 1:32). One strain was negative in the bactericidal 
assay. 

In the mouse model, 20% (4 of 20 mice) of sera from mice inummized with the 
dLOS-protein conjugates, and 45% (9 of 20 mice) of sera produced after immunization 
with conjugates and adjuvant, showed low titers of bactericidal activity against the 
homologous M. catarrhalis strain (ATCC 25238) after three injections of dLOS-carrier 
conjugate. 

The results presented in the examples that follow show that, after detoxification, 
M catarrhalis dLOS retained antigenic determinants but was not immunogenic in vivo. 
When dLOS was conjugated to protein carriers, the dLOS component become 
immunogenic. That is, the M catarrhalis dLOS-carrier conjugates induced significant 
IgG antibody responses to LOS in mammals. In mammals, the dLOS-carrier conjugates 
elicited at least similar levels of anti-LOS IgG antibodies as did the LOS. The 
immunogenicity of the dLOS-protein conjugates was better in rabbits than in mice (i.e., 
after two injections of the conjugates into rabbits, the fold increase of anti-LOS 
antibodies was generally higher than the fold increase of anti-LOS antibodies seen in 
mice after two or three injections of the same conjugates). In both species, the levels of 
anti-LOS antibodies were enhanced y/hen the conjugate was injected with adjuvant 
compared to injection of the same conjugate without adjuvant Both the dLOS-TT and 
the dLOS-HMP conjugates elicited similar levels of anti-LOS IgG antibodies, vMch 
were increased vAicn the conjugates were formulated with an adjuvant. 

The M catarrhalis dLOS-carrier coiyugates of Ae present invention are usefiil as 
a vaccine to induce immuni^ against M catarrhalis infections in mammals, particularly 
for preventing otitis media and respiratory diseases in humans. The metfuxls of 
produdng such dLOS-carrier coiqugates as disclosed heiein are us^iil for ti^ 
manufiacturing of sudi vaccines. The methods disclosed harein are also usefiil for 
idraitifying other dLOS-carrier conjugates (i.e., conjugates of dLOS with other carrier 
moieties) that are usefiil for inducing protective inunune responses to M catarrhalis in 
mammals, particularly in humans, including children. It will be understood that a vaccine 
against M catarrhalis may include dLOS-carrier conjugate, along with other components. 
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such as immunogenically inert phannaceudcally acceptable agents or clinically acceptable 
adjuvant It will also be {^predated by those skilled in the art that M catarrhalis dLOS- 
canier conjugate may also be combined with other immunogenically active componaats 
directed against other infectious agents (e.g., to produce a combination vaccine against M 
catarrhalis and one or more other bacteria or virus that causes childhood disease); for 
example, a trivalent vaccine against M catarrhalis^ nontypeable Haemphilus influenzae 
and Streptococcus pneumoniae to prevent bacterial otitis media. 

For vaccination, the dLOS-carrier conjugates are parenterally administered 
Although various routes of vaccine administration including, for example, intramuscular 
Oi.m.), subcutaneous (s.c.), intr^)eritoneal (i.p.), transmucosal (e,g., intranasally) and 
intraarterial are contemplated, transmucosal, s.c. and i.m. administration are preferred 
For parenteral administration, the dLOS-carrier conjugates may be in the form of a sterile 
preparation, such as, for example, a sterile injectable aqueous or oleaginous suspension, 
with or without an adjuvant Such suspensions are formulated according to methods well 
known in the art using suitable dispersing or wetting agents and suspending agents. The 
sterile preparation may also be a sterile injectable solution or suspension in a parenterally 
acceptable dilumt or solvent, such as, for example, a solution in 13-butanedioL Other 
suitable dilumts include, for example, water. Ringer's solution and isotonic sodium 
diloride solution. Also, sterile fixed oils may be employed conventionally as a solvent or 
suspending medium. For example, any bland fixed oil may be employed, including 
synthetic mono- or diglycoides. Also, fetty acids such as oleic acid may likewise be used 
in the prq)aration of injectable preparations. For mtianasal administration, the 
fisrmulation may be aerosolized using an inert carrier (e.g., air or hydrocarbon) using any 
of a variety of conventional methods. 

The dLOS-carrier conjugates in a vaccine of the present invention may be in 
soluble or microparticular form, or may be incorporated into microspheres or 
microvesicles, including liposomes. In one embodiment, the dosage of the conjugate 
administered will range fiom about 10 ^ig to about 100 ^ig, preferably, between about 20 
^ig and about 50 fig. In another preferred embodiment, the amount administaied is about 
25 |xg to about 40 jig. The exact dosage can be determined by routine dose/response 
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protocols known to one of ordinary skill in the art, generally with doses administered on 
the basis of body weight, particularly for children. 

The vaccine of the invention may be administered to mammals of any age and are 
adq)ted to induce active immunization in young mammals, particularly humans, against 
otitis media and respiratory mfections caused by M catarrhcdis. As a childhood vaccine, 
the dLOS-carrier conjugate is administered at about two to twelve months of age, 
preferably between about two to six months of age. Booster injections will likely be 
given. Typically, two booster injections of between about 10 |ig and about 25 jig are 
administered, for example, at about two months and aboxit thirteen months after the initial 
injection. Alternatively, booster injections are given at two, four and sixteen months after 
the initial injection. Other booster injection protocols are also contemplated 

Vaccine compositions may comprise a cocktail of conjugates from different M. 
catarrhalis strains that protects against all or most medically relevant strains. There are 
three known types of M catarrhalis based on dLOS: Types A, B and C vMch represent 
61%, 29% and 5% of clinical isolates, respectively. As shown in Example 6, antisera 
raised against one strain cross-reacts with some, but not all, other strains. Thus, a cocktail 
of difii^^t conjugates will likely be used. Mixtures of conjugates containing dLOS or 
OS fiom Types A and B will cover 90% of all medicaUy relevant strains, ^Me mixtures 
of conjugates containing dLOS or OS fiom Types A, B and C will cover 95% of all 
medically relevant strains. 

As discussed in Example 7 below, a passive protection study was performed in 
mice immunized with either rabbit antisera against dLOS-TT, and then challenged with 
M catorr/(a/wJZram 25238 by aerosol diar^^ Significant reductions in bacterial CFU 
per limg were observed in tfievacdnegroq?. This mouse pulmonary clearance model 
nunucs die luitural transmission of the bacteria in himians. The advantages of this model 
are that it is simple, repeatable and well controlled by die aerosol madune, large numbers 
of mice can be studied imder the same dialloige conditions and there is no surgically 
invasive procedure required for the inoculation of bacteria. 

Although not wishing to be bound to a particular mode of action or mechanism, 
bactericidal antibodies elicited in response to the dLOS-carrier conjugates, particularly 
IgO, may transude to mucosal surfaces of nasopharynges. There, the antibodies can 
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inactivate a M catarrhalis innoculum on the mucosal surface, thus preventing or 
relieving symptoms of M catarrhalis-csmed otitis media and respiratory diseases. 
Secretory IgA may also play a role in respiratory mucosal immunity, particulariy if the 
conjugate vaccine is administered to the nasal mucosa. 

The following examples illustrate some of the prefarred embodiments of the 
invention. 

K^ample Ir Purifi cation and Detoxification of LOS from M catarrhalis 

M. catarrhalis (type A) ATCC strain 25238 was used as an exemplary source for 
purification of LOS (Edebrink, P., et al., 1994, Carbohydr. Res. 257:269-284; Masoud, 
H., et al., 1994, Can. J. Chem. 72:1466-1477). The strain was grown on chocolate agar 
at 37*^0, 5% CO2, for 8 hr, and transferred to 250 mL of 3% tryptic soy broth (TSB) 
(Difco Laboratories, Detroit, Mich.) in a 500-mL botde. The bottle was incubated at 
110 rpm in an incubator shaker (Model G-25, New Brunswick Scientific, Co., Edison, 
NJ) at 37''C overnight The culture was transferred to six 2.8-liter baflQed Fembach 
flasks, each of v*ich contained L4 liters of TSB. The flasks were shaken at 1 10 rpm 
and maintained at 37^C for 24 hr. The culture was centrifuged at 15,000 x g, at 4**C for 
10 min to collect the cells. 

Hie cell pellets were washed once with 95% etfaanol, twice with acetone, and 
twice with petroleum ether using conventional methods (substantially as described in 
Masoud, H., et al„ 1994, Can. J. Chem. 72:1466-1477), and dried to a powder. The 
LOS was extracted Scorn cells by a standard hot phenol-water method (Westphal, O. et 
al., 1965, Methods Carbohydr. Chem. 5:83-91) with modifications (Gu X-X,, 1995, 
Infect Immun. 63:4115-4120), vMch yields LOS witfi a protein and nucleic acid 
content of less than 1% (Smith, P.K., et al„ 1985, Anal, Biochem. 150:76-85; Warburg, 
O. & W. Christian, 1942, Biodiem. Z. 310:384-421). 

Anhydrous hydrazine treatment of LOS using mild alkali conditions were used 
to remove esterified fatty acids firom lipid A (Gu, XJC., et al., 1996, Infect Immun. 
64:4047-4053; Gi^ta, R.K., et al., 1992, Infect Immun. 60:3201-3208). Briefly, LOS 
(160 mg) was suspended in 16 mL of anhydrous hydrazine (Sigma Chemical Co., St 
Louis, MO), and incubated at 37*'C for 3 hr with mbdng. This suspension was cooled 
on ice and cold acetone is added dropwise until a precipitate formed The mixture was 
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centrifiiged at 5,000 x g, at 5**C for 30 min. The pellet was washed twice with cold 
acetone, dissolved in pyrogen-firee water at a final concentration of 10-20 mg/mL, and 
then ultracentrifiiged at 150,000 x g, at 5^C for 3 hr. The supernatant was fieeze-dried 
and passed through a column (1.6 by 90 cm) of Sephadex G-50 (Pharmacia LKB 
Biotechnology, Uppsala, Sweden) elated with 25 mM anomonium acetate and 
monitored with a diflferential refi:actometer (R-400; Waters, Milford, Mass.). The eluate 
was assayed for carbohydrate by a micro phenol-sulfiiric acid method (Dubois, M., et 
al., 1956, Anal. Biochem. 28:250-256). The carbohydrate-containing fi^ctions were 
pooled, fieeze-dried, and designated as dLOS vMch was about 38 % of LOS by weight 
This method for detoxification of Mcatarrhalis LOS resulted in a better 3deld of 
dLOS after conjugating to protein carriers, compared to mild-acid treatment of LOS to 
cleave the lipid A portion fiom the LOS molecule at the Kdo-glucosamine linkage (i.e., 
the method of Gu, X.X., & CM. Tsai, 1993, Infect Inmiun. 61:1873-1880). 

Example 2: Derivatization of dLOS and Conj ngation to Proteins 
Adipic hydraade (AH) derivatives of dLOS, prepared according to the methods 
of Example 1, were made and purified as follows. Adipic acid dihydrazide (ADH) 
(Aldrich Chemical Co., Milwaiikee, Wis.) was bound to the carboxyl group of Kdo 
moiety of the dLOS to forai AH-dLOS derivatives using l-ethyl-3-(3- 
dimethylammopropyl) carbodiimide HCl (EDC) and N-hydroxysulfo-succinimide 
(sulfo-NHS) (Pierce) (Gu, X.X., & CM. Tsai, 1993, Infect Immun. 61:1873-1880). 
Briefly, dLOS (70 mg) was dissolved m 7 mL of 345 mM ADH (molar ratio of ADH to 
LOS is aboutlOO:!, based on an estimated 3,000 M^ for dLOS) (Edebrink, P., et al., 
1994, Carbohydr. Res. 257:269-284). Sulfo-NHS was added to a concentration of 8 
mM, the pH adjusted to 4.8, and EDC added to a concentration of 0.1 M. The reaction 
nuxture was stirred and maintained at pH 4.8 for 3 hr. The reaction mixture was 
adjusted to pH 7.0 and passed through the G-50 column as described in Exani^le 1. The 
eluate was assayed for carbohydrate and for adipic hydrazide (AH) (Kemp, A.H. & 
M.R.A. Morgan, 1986, J. Immunol. Methods 94:65-72). The peaks containing both 
carbohydrate and AH were pooled, fireeze-dried, and designated as AH-dLOS, AH- 
dLOS was measured for its composition using dLOS and ADH as standards. 
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The AH-dLOS was conjugated to proteins (TT and HMP) as follows. TT 
(Connaught Labs. Inc., Swiftwater, Pa,) and HMP was purified bom nontypeable 
Haemophilus influenzae strain 12 (Barenkamp, SJ., 1996, Infect Immun. 64:1246- 
1251). AH"dLOS was coupled to TT or HMP to form conjugates (Gu, X.X., & CM. 
Tsai, 1993, Infect Immun. 61:1873-1880). Briefly, AH-dLOS (30 mg) was dissolved 
with 3 mL water and mixed widi 15 mg of TT (5.9 mg/mL), or with 12 mg of HMP (4 
mg/mL). The molar ratio of AH-dLOS to both TT (M^ of 150K) and HMP (M^ of 
120K) was aboutl00:l. The pH was adjusted to 5.4 and EDC added to a concentration 
of about 0.05 to 0.1 M. The reaction mixture was stirred and the pH was maintained at 
5.6 for 1 hr to 3 hr. The reaction mixture was adjusted to pH 7.0, centrifuged, and 
passed through a column (1.6 by 90 cm) of Sephacryl S-300 in 0.9 % NaCl. Peaks that 
contained both protein and carbohydrate were pooled, and designated as dLOS-TT or 
dLOS-HMP. Both conjugates were analyzed for their composition of carbohydrate and 
protein xismg dLOS and BSA as standards (Dubois, M., et al., 1956, Anal. Biochem. 
28:250-256; Smith, P.K., et al., 1985, Anal. Biochem. 150:76-85). 

The derivatized AH-dLOS and dLOS-protein conju^ites were physically 
characterized based on the measured amounts (jig/ml) of AH and dLOS in the 
d^ivatized product, or dLOS and protein in the conjugates. The yield of AH-dLOS, 
based on the carbohydrate content, was 93%. For dLOS-TT, 103 [ig/wl of dLOS and 
266 lig/nJ of protein were measured; and for dLOS-HMP, 220 jig/ml of dLOS and 280 
jig/ml of protem were measured. The molar ratios for the conjugates were calculated as 
moles of dLOS per mole of protein, using molecular weights of 3,000 for dLOS, 
150,000 for TT, and 12,000 for HMP. The molar ratios of dLOS to TT and to HMP in 
two conjugate preparations were 19:1 and 31:1, respectively. The yields for the 
conjugates were calculated based on the starting amount of dLOS and the dLOS 
contained in the conjugates as measured by the phenol-sulfuric acid method. The yields 
were 8% for dLOS-TT and 19% for dLOS-HMP. 

F.icaiii ple %z Antigenicity of dLOS> Derivatized dLOS mi ^hOS- froi^m 

Antigenicity of the dLOS, AH-dLOS and conjugates was tested by double 
immunodifiiision and enzyme-linked inununosorbent assay (ELISA) using rabbit 
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hyperimmune serum to M catarrhalis whole cells (strain 25238). The hyperimmune 
serum was prepared as described above. 

Double immunodifiusion was poformed using standard methods in a 0.8 % 
agarose gel in phosphate-buffered saline (PBS, pH 7.4). In this assay, the central well 
contained the rabbit hyperimmime serum to M catarrhalis \^ole cells and the 
surrounding wells individually contained the foUowing: 1 mg/ml of LOS, 103 ^g/ml of 
dLOS-TT, 220 |ig/ml of dLOS-HMP (based on the amount of dLOS), 1 mg/ml of 
dLOS, 200 jxg/ml of dLOS, and 500 ng/ml of HMP. The hyperinmiune serum reacted 
with the LOS in the double-immunodifiKision assay, producing a sharp, readily 
detectable band of precipitation. Similarly, the hyperimmune serum reacted with the 
dLOS (at both concentrations tested) to produce a somewhat broader band of 
precipitation by double-immunodififiision, showing that the isolated dLOS retained the 
antigenicity of the isolated LOS. The hyperimmune serum reacted with the dLOS-TT 
and dLOS-HMP conjugates, producing distinct bands of precipitation. The two 
conjugates and the LOS formed substantially identical precipitation luies by double- 
immunodifKision. In contrast, the hyperimmune s^imi did not react measurably with 
the isolated HMP. 

ELISA was performed substantially as described previously (Gu, X.X., et al,, 
1996, Infect. Immun. 64:4047-4053), with the following modifications. After LOS (at 
10 ^g/ml) coating of the wells of a standard ELISA plate (Dynatech Laboratories, Inc., 
Alexandria, VA), the wells were blocked with 3 % BSA in PBS for 1 hr and then die 
rabbit serum (1/8,000 dilution) was added for a 2 hr-incubation. Then alkaline 
phosphatase-conjugated goat anti-rabbit IgG and IgM (Sigma) was added for a 1 hr- 
incubation. PBS containing 0.01 % Tween-20 was iised in washings between all of the 
steps. Diluents for sera and phosphatase were 1 % BSA in PBS, 0.01 % Tween-20. 
Aftar the enzyme substrate was added for 30 min, the reactions were read with a 
microplate autoreader at A405 (EL309, Bio-Tek Instruments). The antigenicity of 
dLOS-carrier conjugates was similarly determined as ELISA reactivity at A405- The 
conjugates were used as coating antigens (at 10 ^g/ml) and a mbbit inunune serum was 
used as a binding antibody (1/8,000 dilution). 
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For the conjugate preparations described in Example 3, both conjugates showed 
comparable binding to rabbit hyperimmune serum. The A405 value) for dLOS-TT was 
1 .9, and for dLOS-HMP was 1.3. Under the same conditions, LOS (10 jig /ml) showed 
a A405 value of 1.1. 

The immunogenicity in vivo of the dLOS-protein conjugates was next examined 
in animal models, namely in mice and rabbits. 

Example 4: Immunogenicity of dLOS-Protein Conjugates in Mice 

Five-week-old female mice (NIH/Swiss), 10 to 20 per group, were injected sx. 
with 5 |ig (based on carbohydrate) of dLOS-TT, dLOS-HMP , LOS, or a mfacture of 
dLOS plus TT or HMP (5 \ig of protein) in 0.2 mL of 0.9 % NaCl, with or without an 
adjuvant The adjuvant used contained 50 \ig of monophosphoryl lipid A (MPL) and 50 
^g of synthetic trehalose dicorynomycolate (STD) per injection, in an inert carrier 
(commercially available as Ribi-700, from Ribi ImmunoChem research. Inc., Hamilton, 
Mt.). The injections were given three times at three-week intervals and the mice were 
bled fourteen days after the first injection and seven days after the second and the third 
injections. 

Serum anti-LOS levels were expressed as ELIS A units (EU), using LOS isolated 
Ccom the 25238 strain as a coating antigen. As a reference, hyperimmune serum to 
vrfiole cells of the 25238 strain was xised and assigned values of 65,000 EU/mL for IgG 
and 800 EU/mL for IgM. Serum antibodies against TT or HMP were measured by 
ELISA in vMch TT or HMP (5 \i^mL) was used as a coating antigen and expressed as 
ELIS A imits on the basis of a reference mouse serum (produced by tiiree injections of 
TT or HMP), which was assigned values of 2,000 EU/mL for IgG and 10 EU/mL for 
IgM. 

For statistical analysis of these results, antibody levels are eoqnressed as the 
geometric mean EUSA units or titers (recqirocal) of n independent observations ± 
standard deviation or range (n < 4). Significance was tested with the two-sided t test 
and P values smaller than 0.05 were considered significant 

As shown by the data in Table 1, nonconjugated mixture of dLOS and TT or 
HMP did not elicit anti-LOS antibodies. Both conjugates elicited low levels of anti- 
LOS IgG after the second but not the first injection; and there was about a 50- to 100- 
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fold rise after the third injections (P < 0.01). Both dLOS-TT and dLOS-HMP elicited 
similar levels of anti-LOS IgG after three injections. LOS alone and the conjugates 
elicited similar levels of anti-LOS IgG. 

Formulation of both conjxigates vAih the Ribi adjuvant significantiy enhanced 
their immimogenicity: two doses of the conjugates with adjuvant elicited comparable or 
higher IgG levels than that of three doses of the conjugates alone, and there was about a 
9 to 15-fold rise of anti-LOS IgG after 3 injections (P < 0.01), The dLOS-TT conjugate 
elicited lower level of IgG than did the dLOS-HMP conjugate after three injections 
when formulated with the adjuvant (P < 0.05). 

For IgM, conjugates elicited low to medium levels of anti-LOS after each 
mjection vMle LOS elicited higher levels of anti-LOS IgM after the third injection. 
The Ribi adjuvant enhanced the levels of anti-LOS IgM in the conjugate groups. 
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TABLE 1. Murine antibody response to M catarrhalis LOS elicited by conjugates 
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+ adjuvant 
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1 


1 


3(1-9) 






2 


8 (2-40)* 


2(1-4) 


35 




3 


113 (20-630)** 
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^ Ten to twenty mice for each groi^) were ^ven a total of three subcutaneous injections 
at three-week mtCTvals with 5 jig of LOS, 5 jig of conjugates, 5 |ig of conjugates wifli 
40 Ribi adjuvant, LOS, or a mixture of dLOS and TT or HMP (5 |xg each). 

b Blood samples were collected: 1, two weeks after the first injection; 2, one week after 
the second injection; and 3, one week after the third injection. 

*^ The ELISA units wwe based on a reference serum against strain 25238, and the LOS 
firom strain 25238 was used as a coating antigen. For data marked witti * and ♦*for a 
45 single immunogen, the measurements are significantly different (pO.Ol). 
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Anti-protein antibodies in mice. As shown by the data presented m Table 2, 
dLOS-TT elicited low levels of anti-TT IgG antibodies after the first injection, and tiie 
levels rose significantly after the second and third injections (P < 0.01). Injection with 
the Ribi adjuvant enhanced the level of IgG in dLOS-TT group. The mixture of TT and 
dLOS elicited higher level of IgG than that elicited by dLOS-TT, All immunogens 
elicited low levels of anti-TT IgM. 

Also shown in Table 2 are the results obtained for anti-HMP antibodies. The 
dLOS-HMP conjugate elicited low level of IgG after the first injection, that level rose 
significantly after the second and third injections (P < 0.01). The Ribi adjuvant 
enhanced the levels of IgG in dLOS-HMP group. The mixture of HMP and dLOS 
elicited higher level of IgG than that of dLOS-HMP. All immunogens elicited low 
levels of anti-HMP IgM. 
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TABLE 2. Murine antibody response to proteins (TT or HMP) elicited by 
conjugates 



5 Immunogen^ Blood Sample^ Geometric mean Ct SD range) 
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3 
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a Ten to twenty mice for each groiq> were given a total of toee subcutaneous injections 
at three-week intervals with 5 |ig of LOS, 5 Jig of conjugates. 5 jig of conjugates with 
40 Ribi adjuvant, or a mbcture of dLOS and IT or HMP (5 jig each). 

b Blood samples were collected: 1, two weeks after the first injection; 2, one week after 
the second injection; and 3, one week after the third injection. 



45 
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FYflmple S: Im munogenicity of dLOS-Protein Conjugates in Rabbits 
Rabbits (two or three per group) were injected individually two times (s.c. and 
i.m.) at four-week intervals with SO (ig^jection of: LOS, the conjugate dLOS-TT with 
or without adjuvant, the conjugate dLOS-HMP with or without adjuvant, or an 
admixture of dLOS plus TT or HMP (50 \ig of each component). For all injections 
without adjuvant, the immunogen was in 1 mL of 0.9 % NaCL For injections with 
adjuvant, the iirununogen was in 1 mL of 0.9 % NaCl containing 250 [ig of 
monophosphoryl lipid A and 250 \ig of trehalose dhnycolate (Ribi-700 adjuvant, Ribi 
Immunochemical Research, Hamilton, MT). At two weeks after each injection, 10-20 
ml blood samples were collected from an ear vein using standard procedures. 

As shown by the results presented in Table 3, the admixture of dLOS, TT, and 
HMP, or LOS elicited low levels of anti-LOS IgG or IgM antibodies after two 
injections. The dLOS-TT conjugate elicited a significant rise of anti-LOS IgG after the 
first and second injections (37- and 700-fold above the pre-immxmization sera). The 
dLOS-HMP showed lower levels of IgG than dLOS-TT (6- and 347-fold, restively, 
above the pre-immuni2ation sera levels). The Ribi adjuvant enhanced the levels of anti- 
LOS IgG in bodi conjugate groups after each injection (40- to 2,000-fold above the pre- 
immunization sera levels). There was no significant difference between the responses to 
the two conjugates after two injections. 

For IgM, both conjugates elicited low to medium levels of anti-LOS antibodies 
and the conjxigates with the Ribi adjuvant elicited low to medium levels of anti-LOS 
antibodies after each injection. 
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Table 3. Rabbit antibody response to Moraxella catarrhalis LOS elicited by conjugates 
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Whole cells 
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6(3-10) 
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^ Two to tfiree rabbits for each groiq[> were immunized subcutaneously and 
40 intramuscularly at time 0 and one month later with 50 jig of LOS, 50 ^ig of conjugates, 
50 Jig of conjugates with Ribi adjuvant, or a mixture of dLOS, TT, and HMP (50 iig 
each). The hyperimmune rabbit sera against M catarrhalis was previously described 
herein. 

45 ^ Blood samples were collected at: 0, before injection of immxmogen; 1, at 14 days after 
the first injection; and 2, at 14 days after the second injections. 
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Anti-protein antibodies in rabbits. As shown by the data for anti-TT 
antibodies presented in Table 4, dLOS-TT elicited significant level of IgG after two 
injections (389-fold above the pre-immunization sera level). The Ribi adjuvant 
enhanced the levels of IgG elicited by dLOS-TT by 4-fold after two injections. The 
mbcture of TT and dLOS elicited a higher level of anti-TT IgG tiian did die dLOS-TT 
conjugate, especially after one injection. All immunogens elicited low levels of anti-TT 
IgM. 

As shown in Table 4 for anti-HMP antibodies, dLOS-HMP elicited significant 
level of IgG after two injections (81-fold above pre-immunization sera). Inclusion of 
the Ribi adjuvant enhanced the levels of IgG elicited by dLOS-HMP by 4-fold after two 
injections. The mixture of HMP and dLOS elicited a higher level of IgG than that of 
dLOS-HMP, especially after one injection. All immunogens elicited low levels of anti- 
HMP IgM. 
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TABLE 4. Rabbit antibody response to proteins (TT or HMP) elicited by dLOS-protein 
conjugates 



S Immunogen^ Blood Samples^ Creometric mean (range) ELISA unite 

IgG IgM 

Anti-TT 

10 dLOS-TT 0 3 3 

1 7(3-10) 10 

2 1,168 (810-2,430) 14 (10-30) 



15 


dLOS-TT 


0 


5 (3-10) 


3 




+ adjuvant 


1 


14 (10-30) 


14 (10-30) 






2 


5,055 (2,430-21,870) 


10 (3-30) 




dLOS + TT + HMP 


0 


10 


10 


20 




1 


270 


90 






2 


2,430 


30 








Anti-HMP 




25 


dLOS-HMP 


0 


10 (3-30) 


7 (3-10) 






1 


14(10-30) 


10 






2 


810 


10 




dLOS-HMP 


0 


7 (3-10) 


10 (3-30) 


30 


+ adjuvant 


1 


130(30-270) 


14 (10-30) 






2 


3,505 (2,430-7,290) 


30 




dLOS + TT + HMP 


0 


10 


10 






1 


156(90-270) 


30 


35 




2 


2,430 


52(30-90) 



^ Two to three rabbits for each groiq> were immunized subcutaneously and 
intramusculariy at time 0 and one montti later with 50 \ig of LOS, 50 \ig of conjugates, 
40 50 |ig of conjugates with Ribi adjuvant, or a mixture of dLOS, TT, and HMP (50 \ig 
each). Hyperinunune rabbit sera against M catarrhalis was previously described 
herein. 

b Blood samples were collected at: 0, before injection of immunogen; 1, at 14 days after 
45 flie first injection; and 2, at 14 days after the second injections. 
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FTample <>! Bactericidal Activity of Animal Sera Against M catarrhalis Strains 
In this example, bactmcidal activity of the animal sera prepared according to 
Examples 4 and 5 was tested against the same M catarrhalis strain &om vMch the LOS 
had been isolated (ATCC 25238; "homologous stram'*) and against other wild-type 
strains of M catarrhalis ("heterologous strains). Eleven wild type strains of M 
catarrhalis fATCC Nos. 8176, 8193, 23246, 25238, 25239, 25240, 43617, 43618, 
43627, 43628, and 49143) (purchased fiom American Type Culture Collection, 
Rockville, MD), and ten Japanese clinical isolates (designated Ml to MIO) purified 
from patients with otitis media or respiratory infections (kindly provided by Goro Mogi, 
Oita Medical University, Japan) were tested. It will be appreciated by those skilled in 
the art that additional strains of M catarrhalis can be readily isolated from clinical 
samples using standard bacteriological techniques and similarly tested. 

For the bactericidal assay, rabbit pre- and post-immune sera (after two 
injections) were inactivated for complement components by incubating at 56**C for 30 
min. The inactivated sera were then tested for bactericidal activity against M. 
catarrhalis strains using a complement-mediated bactericidal assay substantially as 
described previously (Gu, XJC., et al., 1996, Infect Inmiun. 64:4047-4053), except that 
a guinea pig serum (1:1 dilution, 20 \il per \^11) was used as a source of complement 
(Sigma, St Louis, MO) and the reaction plate was incubated at 37*'C for 30 min before 
plating into agar plates. The highest serum dilution that caused more than 50% killing 
was e^ipressed as the reciprocal bactericidal titer. 

In the mouse model, 20% (4 of 20 mice) of conjugate-immunized sera or 45% (9 
of 20 mice) of conji^ate (vdth adjuvant)-immunized sera showed low titers of 
bactericidal activity against the homologous strain after three injections of dLOS-TT or 
dLOS-HMP. 

As shown graphically in FIG. 1, in the rabbit model, sera from LOS (or dLOS)- 
inamunized animals showed no bactericidal activity against the homologo\JS M 
catarrhalis stram (ATCC 25238). In contrast, dLOS-TT-unmunized sera showed 
bactericidal activity at mean titers of 1 :16 (without adjuvant) and 1 :40 (with adjuvant), 
and the dLOS-HMP-immunized sera showed bactericidal activity at mean titers of 1:10 



-35- 



wo 99/36086 PCTAJS99/00590 

(without adjuvant)and 1:40 (with adjuvant). There was a correlation between LOS IgG 
ELISA levels and the bactericidal titers (r = 0.60, P = 0.02), but not IgM levels. 

The bactericidal activities of the rabbit antisera elicited by dLOS-TT formulated 
with Ribi adjuvant were further analyzed using ten additional wild type strains (ATCC 
strains) and ten of the J^anese clinical isolates. Ten of twenty strains were either 
complement sensitive (strains 23246, 43617, M9) or s^imi sensitive (strains 43627, 
43628, 49143, M4, M7, M8, MIO). Using the remaining ten strains, the rabbit antisera 
demonstrated bactericidal activities to four ATCC and five Japanese strains at the mean 
titer of 1:15 (1:2 to 1:32). One strain (ATCC 25240) was negative in the bactericidal 
assay. The cross-reactivity shown here for bactericidal activities show that a vaccine 
protective against all virulent strains of M catarrhalis can be formulated ftom a 
relatively small n\miber of conjugates made fiom dLOSs fiom different strains (See 
page 21, bottom). 

Example 7: Passive protection study in mouse pulmonary clearance model 
Forty mice were immunized with either rabbit antisera against dLOS-TT, or pre- 
immune sera, and then challenged with 10* cfii of M catarrhalis strain 25238 by 
aerosol chamber 18 hours after the immunization. The mice wax sacrificed at 3 and 6 
hours after the challenge (Fig. 2). The lungs and blood samples were collected for 
analysis. The results are shown in Fig. 3. At three hours post-challenge, the amount of 
bacteria in the vaccine group was reduced by 50% compared to the control. There was a 
61% reduction in the vaccine groiq) compared to the control groiq) at 6 hours post- 
challenge. There were significant differences between the contol and vaccine groups at 
each time point. The antibody levels were also analyzed, vrfiich were inversely 
correlated with flie bacterial cfii. These results indicate that the dLOS-TT conjugate- 
induced antibody enhanced the piilmonary clearance of M. catarrhalis in mice. 

Example 8: Immunization of Humans with M. C(itarrk($Hs dlX>S-Pro tm 

Conjwgate 

Initially, adults are chosen for testing safety and immunogenicity of dLOS-carrier 
conjiigates, prepared as described in Examples 1 and 2, or OS-carrior conjugates, prepared 
as described in Examples 9-11. Individuals are screened for relatively low levels of 
endogenous antibody (e.g., resulting fiom childhood infections with M catarrhalis) and 
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adults vsdth relatively low levels compared to the general population are chosen for the 
study. These individuals are intramusculariy injected with either the dLOS-TT conjugate, 
the dLOS-HMP conjugate, the OS-TT conjugate or the OS-HMP conjugate (25 \ig to 50 
^g, depending on body weight) in a pharmaceutically acceptable carrier. For adxilts, one 
mjection is generally sufiBcient to elicit an antibody response within three days to two 
weeks. Immunogenicity and bactericidal activity of the resulting antisera are determined 
using methods substantially as described in Examples 4-6. A second injection is 
administered about one to six months after the first injection and the level of serum anti- 
M, catarrhalis antibodies is measured about one week later. Control individuals are 
injected with a control vaccine of the same amount of the corresponding protein 
component of the conjugate (alone) in the same pharmaceutically acceptable canier, and 
on the same injection schedule as for immunized adults. 

For individuals who received the dLOS- or OS-carrier conjugates, serum antibody 
levels after immunization show that the conjugates are immunogenic in vivo without 
producing unacceptable side effects. Bactoicidal activity is associated with the serum 
antibodies ftom these individuals. For some individuals, multiple immunizati ons are 
preferred to achieve optimal antibody response, hi contrast, serum obtained fiom control 
individuals vAo receive control irgections exhibit no measurable immunogenicity or anti- 
M catarrhalis bactericidal activity above tiiat found in theu- prc-injection sera. That is, 
antisera fiom adults who receive die dLOS-TT conjugate, dLOS-HMP conjugate, OS-TT 
conjugate or OS-HMP conjugate exhibit significantiy more umnunogenicity or anti-M 
catarrhalis bactericidal activity compared to the control groiq?. Also, the fi^quency of 
occurrence of middle ear infections in the individuals is monitored over several years and 
none of the adults unmunized with the dLOS-TT, dLOS-HMP, OS-TT or OS-HMP 
conjugate experiences a middle ear infection during tiiat time. 

Based on the antis^ results obtamed in adults, testing of the vacdne is ^tended 
to children v*o receive an initial dose of vaccine i jn. (amounts based on body weight, 
generally 1 0-40 lig) at between two and four months of age, and two booster vacdnations 
at two and four months afta: the initial vaccination. One group of children receives three 
booster vaccinations administered at two, four months and sixteai months after the mitial 
vaccination. Agennatched children who did not receive the vaccine are used as control 
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subjects. Sorum antibodies are monitored in the immunized children and detected as 
described above, indicating both immunogenicity and bactericidal activity. The children 
are monitored for otitis media and sinusitis fix>m after the first vaccination until about four 
years of age. Children that receive the vaccinations have significantly fewer episodes of 
otitis media and sinusitis, and diminished symptoms when otitis media and/or sinusitis is 
detected, during the monitoring period compared to control subjects. 

Example 9: Acid hydrolysis of M. catarr halis strain 25238 LOS to produce 

oligosaccharide f OS^ 
M catarrhalis LOS was detoxified by mild-acid treatment of LOS to cleave the 
lipid A portion fi:om the LOS molecule at the Kdo-glucosamine linkage (i.e., the 
method of Gu, X.X., & CM. Tsai, 1993, Infect Immun. 61:1873-1880) to produce 
oligosaccharide (OS). Briefly, 421 mg of LOS was dissolved in distilled water to 10 
mg/ml, then hydrolyzed m 1% acetic acid at lOOX for 2 to 3 hours. The lipid A portion 
and unhydrolyzed LOS were removed by centrifugation at 150,000 x g for 3 hours. The 
supernatant was fireeze dried, dissolved in a small volume of water, separated into two, 
and each was applied to a Sephadex G-25 column (1.6 x 90 cm) equilibrated with 25 
mM ammonium acetate. The eluate was assayed for sugar content, and the major OS 
firactions were pooled and lyophilized three times to remove the salt The yield of OS 
fix)m the starting LOS was 47% by weight. 

KTample 10: Derivatizarion of OS With ADH 
ADH was coupled to OS by carbodiimide-mediated condensation with EDC and 
sulfo-NHS as described previously (Gu et al., 1993, stq>ra.). The reaction mixture was 
purified with a Bio-Gel P-4 column (1.6 x 90 cm; Bio-Rad, Hercules, CA). The eluate 
was assayed for sugar and AH content Peaks containing both sugar and AH were 
pooled and lyophilized three times to remove the salt The ratio of OS to ADH was 
around 1 . The yield of sugar in AH-OS derivative was about 74%. 

KTflmplell: rnnpngatlon nf A H-OS to proteins 
The coupling reaction was performed at pH 5.2 ± 0.2 with 0.05 - 0,1 M EDC. For 
the OS-TT reaction, 30 mg of AH-OS was dissolved in 3 ml distilled wata: and mbced 
with 15 mg of TT (5.90 mg/ml). For the OS-HMP reaction, 20 mg of AH-OS was 
dissolved in 2 ml water and mbced with 8,4 mg of HMP (42 mg/ml). The molar ratio of 
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AH-OS to TT or HMP was 150 or 141 to 1 (based on molecular weights: OS as 2,000, 
TT as 150,000, and HMP as 120,000). The purification steps were the same as for the 
dLOS-protein conjugates described in Example 2. These OS-protein conjugates have the 
same utility as the dLOS-protein conjugates discusses above, namely as a vaccine for 
Moraxella (Branhamella) catarrhalis infections in himians. The composition, yield and 
antigenicity of the OS-TT and OS-HMP conjugates are shown in Table 5. 



TABLE 5. Composition, yield, and antigenicity of OS conjugates 





Amt(ug/ml)of; 


Molar latio" 


Yield" 




Conjugate 


OS 


Protein 


OS/protein 


(%) 


(Hyperimunne senim) 


OS-TTl 


23 


157 


11 


2.4 


1.1 


OS-TT2 


43 


152 


21 


6.1 


0.6 


OS-HMPl 


47 


182 


16 


8.8 


2.0 


0S-HMP2 


32 


112 


17 


4.5 


1.4 



a. The ratio is e)q)ressed as moles of OS per mole of protein witfi molecular weights of 
2,000 for dLOS, 150,000 for TT, and 120,000 for HMP. 

b. Based on the starting amount of OS and the OS contamed in tiie conjugates as 
measured by a micro phenol-sutfitric add method. 

c. The antigenicity of conji^ates was expressed as ELIS A reactivity at A405 >^en the 
conjugates were used as coating antigens (10 ug/ml) and a labbit hyperimmime serum was 
used as a bmding antibody (1/8,000). LOS (10 ug/ml) also showed A4as value of 1.1 
under the same conditions. 

The OS-protein conjugates elicited antibody responses m both mice and rabbits 
against LOS. The protein conjugates also elicit antibodies gainst TT and HMP in both 
mice and rabbits. The murine antibody response to M catarrhalis strain 25238 LOS 
elicited by conjugates is shown in TaWe 6. Female mice (NIH/Swiss), 10 par groiq?, 
were injected s.c, with 5 jig (based on carbohydrate) of OS-TT, OS-HMP, LOS, or a 
mixture of OS plus TT and HMP (5 ^g of protem) in 0.2 mL of 0.9 % NaCl, with or 
without an adjuvant The adjuvant used was the same as for the dLOS antibody 
response. The injections were given three times at three-week intervals and the mice 



-39- 



wo 99/36086 PCTAJS99/00590 
were bled foxirteen days after the first injection and seven days after the second and the 
third injections. 

Serum anti-LOS levels were expressed as ELISA units (EU), using LOS isolated 
fit)m the 25238 strain as a coating antigen. As a reference, hyperimmune serum to 
whole cells of the 25238 strain was used and assigned values of 65,000 EU/mL for IgG 
and 800 EU/mL for IgM. Serum antibodies agamst TT or HMP were measured by 
ELISA as described for the dLOS conjugates. For statistical analysis of these results, 
antibody levels are expressed as the geometric mean ELISA units or titers (reciprocal) 
of n independent observations ± standard deviation or range (n < 4). Significance was 
tested with the two-sided / test and P values smaller than 0.05 were considered 
significant. 

As shown by the data in Table 6, nonconjugated mixture of OS, TT and HMP 
did not elicit anti-LOS antibodies. Both conjugates elicited low levels of anti-LOS IgG 
after the second but not the first injection; and there was a slight increase after the third 
injections (P < 0.01). Both OS-TT and OS-HMP elicited similar levels of anti-LOS IgG 
after three injections. LOS alone and the conjugates elicited sunilar levels of anti-LOS 
IgG after two injections; however, LOS alone elicited a significantly greater increase 
after the third injection than did the conjugates. Formulation of both conjugates with 
the adjuvant significantly enhanced their immunogenicity. 
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TABLE 6. Murine antibody response to M catarrhalis strain 25238 LOS elicited by 
conjugates 



GM(:i:SD range)ELISA unit ° for 



Immunogen' 


Injection No. 


IgG 


IgM 


OS-TTl 


1 


1 


1 




2 


6(1-30) 


2(1-3) 








5 (1-46) 


OS-TTl 


1 


2(1-3) 


3(1-9) 


+ adjuvant 


2 


4(1-22) 


3(1-9) 


1 


7 ri-48") 


50 (12-209) 


OS-TT2 


1 


1 


2(1-6) 




2 


1 


4(1-14) 










OS-TT2 


1 


1(1-2) 


2(1-5) 


+ adjuvant 


2 


34(5-249) 


19(6-62) 


J 




126n9-409'> 


OS-HMPl 


1 


1 


1 




2 


2(1-4) 


2(1-5) 




i 






OS-HMPl 


1 


1(1-2) 


2(1-9) 


+ adjuvant 


2 


2 


3(1-9) 


•x 




81 f26-257) 


0S-HMP2 


1 


1 


1 




2 


1 (1-2) 


4(1-15) 




J 






OS-HMP2 


1 


1 


7(2-25) 


+ adjuvant 


2 


6(1-26) 


34(12-92) 


3 


38(8-176) 


195(46-828) 


OS+TT+HMP 


1 


1 


1 




2 


1 


1 




3 


1(1-2) 


3(2-5) 


LOS 


1 


1 


3(1-9) 




2 


8(2-40) 


2(1-4) 




3 


113(20-630) 


52(12-230) 



intervals with 5 ug of conjugates, conjugates with Ribi adjuvant, LOS, or the mixture of 



-41- 



wo 99/36086 PCT/US99/00590 

OS, TT, and HMP (5 ug each). Blood samples were collected 2 weeks after the 1st 
injection, 1 week after the 2nd and 3rd injection. 

** The ELISA units were based on a reference serum against strain 25238, and flie LOS 
ftom strain 25238 was used as a coating antigen. Pre-inunune sera contained 1 (1-2) U of 
IgG and lU of IgM. 

The murine antibody response to TT elicited by OS-TT conjugates is shown in 
Table 7. The IgG antibody response was much stronger than the IgM antibody response. 
The adjuvant significantly enhance the immune response for 0S-TT2, but did not have as 
dramatic an eflfect for OS-TT 1 . 

TABLE 7. Mxirine antibody response to TT elicited by OS-TT conjugate 



GM(±SD langejELISA unit "for 



Immunogm' 


Injection No. 


IgG 


IgM 


OS-TTl 


1 


2(1-3) 


1 




2 


22(7-72) 


1 




3 


90 (34-237) 


1 


OS-TTl 


1 


4(1-9) 


4(2-6) 


+ adjuvant 


2 


126(69-229) 


5(3-9) 


3 


90(64-128) 


22(9-51) 


OS-TT2 


1 


95 (33-269) 


2(1-3) 




2 


52(9-296) 


2(1-4) 




3 


140 (12-1,614) 


5(2-11) 


0S-TT2 


1 


113(66-191) 


3(1-5) 


+ adjuvant 


2 


271 (81-908) 


19(9^1) 




3 


1,756(454-6,769) 


90(48-169) 


OS+TT+HMP 


1 


14(8-25) 


1(1-2) 




2 


470(257-851) 


2(1-6) 




3 


908 (332-2,487) 


14(5-40) 



* See Table 6, footnote a. 



** The ELISA imits were based on a reference serum against TT, and TT was used as a 
coating antigen. Pre-immune sera showed <1 imit of IgG or IgM- 
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The murine antibody response to HMP elicited by OS-HMP conjugates is shown 
in Table 8. As for the TT antibody response, IgG levels were significantly inoeased vMLt 
IgM levels remained low. The presence of adjuvant dramatically ina:eased the IgG 
antibody response, much more so than for the TT antibody response shown in Table 7. 

5 

TABLE 8 Murine antibody response to HMP elicited by OS-HMP conjugates 







GM(±SD range)ELISA unit " for 


Immuno&en^ 


Injection No. 


IgG 


IgM 


OS-HMPl 


1 


3 


1 (1-2) 




2 








3 




ft /"^ on 

O ^j-Zl ) 




1 

X 


9(2-34) 


2(1-3) 


+ adjuvant 


2 


585 (330-1.442) 


5(3-8) 




3 


1,506(507-4.464) 


6(3-12) 


OS-HMP2 


1 


9(4-19) 


3(2-5) 




2 


81 (39-168) 


4(2-12) 




3 


175 (34-902) 


2(1-6) 


OS-HMP2 


1 


81 (45-146) 


6(3-14) 


+ adjuvant 


2 


1,131 (642-1 W 


17(8-38) 




3 


4.228(2,600-7,454) 


38 (12-120) 


OS+TT+HMP 


1 


2(M) 


1 




2 


470(257-851) 


3 




3 


1,573 (752-331) 


34 (11-104) 



* See Table 6, footnote a. 



The ELIS A imits were based on a reference seriim agaiiist HMP, and HMP was use^ 
10 coating antigen. Pre-immuneserashowedl toSunitoflgGorIgM, 

The rabbit antibody responses to M catarrhalis LOS elidted by coigugates is 
shown in Table 9, and flie rabbit antibody response to TT or HMP elicited by conjugates is 
shown in Table 10. 

15 
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TABLE 9. Rabbit antibody response to M. catarrhalis LOS elicited by conjiigate 



GM(±SD range)ELIS A unit^ 



Tmmunngen* 


Injection No. 


IgG 


IgM 


OS-TT2 


0 


22(3-90) 


7(3-30) 




1 


140(30-810) 


52 (30-90) 




2 


7^90(2,430-21,870) 


68 (30-90) 


OS-lT2+Ribi 


0 


4(3-10) 


10(3-30) 




1 


729 (270-2,430) 


156 (90-270) 




2 


12,627 (7,290-21,870) 


90 


0S-HMP2 


0 


17(10-30) 


7(3-30) 




1 


467 (90-2,430) 


10 (3-30) 




2 


7,290(2,430-21,870) 


90 (30-270) 


OS-HMP2+Ribi 


0 


9(3-30) 


7(3-30) 




1 


810 


30(10-90) 




2 


12,627 (7,290-21,870) 


118(90-270) 


OS+TT+HMP 


0 


5 (3-10) 


17(10-30) 




1 


5 (3-10) 


5 (3-10) 




2 


38 (3-90) 


17(10-30) 


LOS 


0 


6(3-10) 


6(3-10) 




1 


10(3-30) 


52(30-90) 




2 


52(30-90) 


90 



" Two to three rabbits for each group were immunized subcutaneously and intramuscularly 



twice at one-month intervals with 50 ug of conjugates, conjugates with Ribi adjuvant, 
5 LOS, or a mixture of OS, TT, and HMP (50 ug each). Blood samples were collected 
before and 14 days after each injection. 
^ See Table 6, footnote b. 
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TABLE 1 0 Rabbit antibody response to protein (TT or HMP) elicited by conjugates 



GM(^SD range)ELISA unit^ 



T „a 

unmitnogen 


Injection No. 


igvJ 


IgM 


For assay of anti-TT 








0S-TT2 


0 


10 


10 




1 


270 


1 T / 1 A 1 A\ 

17(10-30) 




2 


4^09 (2,430-7,290) 


t 1 O /OA OTAX 

lis /U) 


0S-TT2+Ribi 


U 




in 




1 


2,430 


90 




2 


21,870 


355 (90-810) 


OS+TT+HMP 


0 




1 / (1U-jU) 




1 


468 (270-810) 


155 (90-270) 




2 


2,430 


90 


For assay of anti-HMP 








OS-HMP2 


0 


52(30-90) 


17(10-30) 




1 


118 (90-270) 


30 




2 


2,430 


52 (30-90) 


OS-HMP2+Ribi 


0 


30 


17 (10-30) 




1 


468 (270-810) 


30 




2 


7,290 


30 


OS+TT+HMP 


0 


52(30-90) 


17 (10-30) 




1 


270 


30 




2 


2,430 


52(30-90) 



See Table 9 fi)Otnote a. 



^ See Table 7 and 8 footnotes b. 

In mice, none of the OS protein conjugate-immunized sera and 40% (8 of 20 mice) 
of conjugate (with adjuvant)-immunized sera showed bactericidal activity against flie 
homologous M catarrhcdis strain 25238 at the range of 1 :8 to 1 :64 after three injections of 
OS-TT or OS-HMP. In rabbits, 37.5% (3 of 8 rabbits) of conjugate-immunized sera 
showed bactericidal activity against the homologous strain 25238 at the range of 1 :2 to 1 :8 
after two injections of OS-TT or OS-TT witfi adjuvant 
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While particular embodiments of the invention have been described in detail, it 
will be apparrat to those skilled in the art that these embodiments are exemplary rather 
than limiting, and the true scope of the invention is defined by the claims that follow. 
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WRATISCTAIMEDIS: 

1. A conjugate vaccine for Moraxella catarrhalis^ comprising a 
lipooligosaccharide (LOS) isolated fiom M catarrhcdis and detoxified by treating to 
remove esterified fatty acids to produce detoxified LOS (dLOS), or by treating to remove 
lipid A to produce oligosaccharide (OS), and an immunogenic carrier covalently linked 
thereto. 

2. The vaccine of Claim 1, wherein the immunogenic carrier is a proteuL 

3. The vaccine of Claim 2, vv^erein the immunogenic carrier protein is 
selected ftom the group consisting of UspA isolated from M catarrhalis, CD isolated 
fiom M catarrhcdis, tetanus toxin/toxoid, a high molecular weight protein (HMP) isolated 
fiom nontypeable Haemophilus irifluenzae, diphtheria toxin/toxoid, detoxified P. 
aeruginosa toxin A, cholera toxin/toxoid, pertussis toxin/toxoid, Clostridium perfringens 
exotoxins/toxoid, hepatitis B surface antigen, hepatitis B core antigen, rotavirus VP 7 
protein, CRM, CRM197, CRM3201 and respiratory syncytial virus F and G protein. 

4. The vaccine of Claim 3, wherein the immunogenic carrier protein is 
tetanus toxoid or HMP, 

5. A pharmaceutical composition comprising the vaccine conjugate of 
Claim 1 in a pharmaceutically acceptable carrier. 

6. The pharmaceutical composition of Claim 5, fiirther comprising an 
adjuvant 

7. The pharmaceutical composition of Claim 6, wdierein the adjuvant is an 
admixture of monophosphoryl lipid A and trehalose dimycolate or alum. 

8. A coiqugate vaccine according to Claim 1, >^erein tte immimogenic 
carrier is covalently linked to dLOS or to OS via a linker compound. 

9. The coigug^te vacdne of Claim 8, vrfiordn the linkor conqwund is selected 
from the groiq) consisting of adipic add dihydiaside, E-aminohexanoic add, 
chlorohexanol dimethyl ac^, D-glucuronolactone and p-nitrophenylethyl amine. 

10. The conjugate vaccine of Claim 8, wherein die Ifaiker compound is adipic 
acid dihydrazide. 

11. Lipooligosaccharide isolated fix>m Moraxella catarrhalis and detoxified 
by removal of ester-linked fetty acids therefiom. 
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12. The lipooligosaccharide of Claim 11, wherein Moraxella catarrhalis from 
vMch the lipooligosaccharide is isolated is a purified strain of Moraxella catarrhalis, 

13. Lipooligosaccharide isolated from Moraxella catarrhalis and detoxified 
by removal of lipid A therefix)nL 

14. A method of preventing otitis media caused by mfection with Moraxella 
catarrhalis in a mairanal, comprising administering to the mammal an effective 
immunoprotective amount of a conjugate vaccine comprising a detoxified 
lipooligosaccharide (dLOS) or an oligosaccharide (OS) derived from an isolated 
lipooligosaccharide obtained from Moraxella catarrhalis, and an inmiunogenic carrier 
covalmtiy linked to the dLOS. 

15. The method of Claim 14, herein the manmial is a human. 

16. The method of Claim 14, >?siia:ein the conjugate vaccine is administered 
parenterally. 

17. The method of Claim 16, \^4lerein the conjugate vaccine is administered by 
intramuscular injection, subcutaneous injection, or by deposit on intranasal mucosal 
membrane or combinations thereof 

1 8. The method of Claim 14, M^erein the effective unmunoprotective amount 
is between about 10 pg and about 50 fig per dose. 

19. The method of Claim 14, fiirther comprising booster injections of between 
about 10 ^g and about 25 ^g of the conjugate. 

20. The method of Claim 14, v^^ierem the administering step comprises 
administering a first dose of about 1 to about 50 ixg of the conjugate vaccine, and then 
admmistering a second dose of about 10 fig to about 25 jig of the conji^ate vacdne at 
about two months after the first dose, administering a third dose of about 10 ^g to about 
25 \ig of the conjugate vaccine at about 2 months after the second dose, and administering 
a fourth dose of about 10 ^g to about 25 ng of the conjugate vaccine at about 12 months 
after the third dose. 

21. A method of detoxifying lipooligosaccharide (LOS) isolated fiiom 
Moraxella catarrhalis, comprising removing ester-linked fetty acids from isolated LOS . 

22. The method of Claim 21, wherein the ester-linked fatty acids are removed 
by treatment of LOS with hydrazine or a mild alkaline reagent 
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23. A method of making a conjugate vaccine against Moraxella catarrhalis 
comprising: 

removing ester-linked fetty acids fiom lipooUgosacciiaride (LOS) isolated 
from M catarrhalis to produce detoxified LOS (dLOS); and 

covalently linking the dLOS to an immunogenic carrio:. 

24. The method of Claim 23, vs^erein the removing step comprises treatmg the 
LOS with hydraane or a mild alkaline reagent 

25. The method of Claim 23, wherein the Unking step comprises atta ch ing the 
dLOS to a Unker compound and attaching the linker compound to the hnmunogenic 
carrier. 

26. The method of Clahn 25, wherein the Imker compound is adipic acid 
dihydraade, e-aminohexanoic acid, chlorohexanol dimethyl acetal, D-glucuronolactone or 
p-nitrophenylethyl amine. 

27. The method of Claim 25, wherein the linker compound is adipic acid 
dihydrazide. 

28. The method of Claim 23, fiirther comprising addmg an adjuvant to dLOS 
linked to an immunogenic carrier. 

29. A method of making a coigugate vacdne against Moraxella catarrhalis 
comprising: 

removing lipid A fix)m lipooligosaccharide (LOS) isolated fiom M 
catarrhalis to produce oligosacdiaride (OS); and 

covalently linking the OS to an immunogenic carrier. 

30. The method of Claim 29, vdierein the removmg step comprises treatmg the 
LOS with an acid reagent 

31. The method of Claim 29, ^erem the linking stq? comi»ises attachmg the 
OS to a linka^ compound and attadiing the linker compound to the ini^^ 

32. The method of Clahn 31, wherein the linker compound is adipic add 
dihydraade, s-aminohexanoic acid, chlorohexanol dunethyl acetal, D-glucuronolactone or 
p-nitrophenylethyl amine. 

33. The method of Clahn 32, wherein the linker compound is adipic arid 

dihydraade. 
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34. The method of Claim 29, further comprising adding an adjuvant to OS 
linked to an immxmogenic carrier. 

35. A conjugate vaccine comprising a lipooligosaccharide (LOS) isolated from 
M catarrhalis and detoxified by treating to remove esterified fatty acids to produce 
detoxified LOS (dLOS), or by treating to remove lipid A to produce an oligosaccharide 
(OS), and an immmogenic carrier covalently linked thereto, for use in preventing otitis 
media caused by infection with Moraxella catarrhalis in a mammal. 

36. The vaccine of Claim 35, wherein the immunogenic carrier is a protein. 

37. The vaccine of Claim 36, wherein the immunogenic carrier protein is 
selected firom the group consisting of UspA isolated from M catarrhalis^ CD isolated 
from M catarrhalis^ tetanus toxin/toxoid, a high molecular weight protein (HMP) isolated 
from nontypeable Haemophilus influenzae, diphtheria toxin/toxoid, detoxified P. 
aeruginosa toxin A, cholCTa toxin/toxoid, pertussis toxin/toxoid, Clostridium perfringens 
exotoxms/toxoid, hepatitis B surfece antigen, hepatitis B core antigen, rotavirus VP 7 
protein, CRM, CRM197, CRM3201 and respiratory syncytial virus F and G protem. 

38. The vaccine of Claim 37, wherein the immimogenic carrier protem is 
tetanus toxoid or HMP. 
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